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Purpose of this Implementation Plan

The purpose of this Implementation Plan is to provide a concise blueprint of the strategies and
resources required to conserve the Mojave desert tortoise as committed to by the U.S. Fish and Wildlife
Service and Department of Defense in the Recovery and Sustainment Partnership (RASP) initiative. The
strategies reflect the view of the many federal, state, academic, and organizational experts that NFWF
consulted during plan development. The intent of this plan is to invest in high-value and high-return
conservation actions to optimize conservation and support the broader recovery effort. Over time the
partners will adapt this plan, subject to the availability of additional funding.
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Background

The Desert Tortoise Recovery Partnership (DTRP) was formed by the National Fish and Wildlife
Foundation (NFWF), U.S. Marines Corps, U.S. Army, Department of Defense (DoD), U.S. Fish and Wildlife
Service (USFWS) and the U.S. Bureau of Land Management (BLM) to coordinate implementation of
strategies and provide additional resources to address the pressing conservation needs of the Mojave
desert tortoise (Gopherus agassizii) in the West Mojave Desert of southeastern California.

The DTRP was established in September 2020 through Cooperative Agreement number N62473-20-2-
0003 between NFWF and the Department of the Navy (DON) to establish a funding framework between
NFWF and the Marine Corps Air Ground Center (MCAGCC) Twentynine Palms for desert tortoise
conservation under the Recovery and Sustainment Partnership (RASP). This 10-year Implementation
Plan will guide future investments to achieve conservation goals for the Mojave desert tortoise and its
habitat in California’s Mojave Desert, particularly the Western Mojave Recovery Unit.

Conservation Need

Desert tortoises have inhabited the region of the southwestern United States for an estimated 15 to 20
million years, making it one of the oldest extant species in the U.S. The Mojave desert tortoise
(Gopherus agassizii) occurs primarily north and west of the Colorado River in California, Nevada,
Arizona, and Utah, and their population has declined acutely in the past several decades. Between 2004
and 2014, adult desert tortoise densities decreased across the range (Allison and McLuckie 2018). By
2014, the adult population density in the Western Mojave and Eastern Mojave Recovery Units had
decreased by 49 percent and 33 percent from their 2004 levels, respectively. The proportion of juveniles
in these recovery units also declined from 2004 levels.

The Mojave desert tortoise spends up to 95% of its life underground, and is well-suited to endure in a
highly variable and often harsh desert environment (Nagy and Medica 1986; Henen 1997). During winter
and summers of drought years, they reduce above ground activity and remain mostly quiescent in
burrows, reducing their metabolism, water loss and food requirements. They can survive for more than
a year without drinking (Nagy and Medica 1986). The desert tortoise lives in a variety of habitats from
sandy flats to rocky foothills, including alluvial fans, washes and canyons where suitable soils for den
construction or caliche crevices offer refugia from predators and extreme surface weather. It lives from
near sea level to around 3,500 feet in elevation, and is a keystone species of the Mojave Desert
ecosystem, providing refugia for other wildlife and, via digestion, dispersing seeds that help form and
stabilize the vegetative landscape.

Desert tortoises may live 50 or more years in the wild. Their diet consists primarily of wildflowers,
grasses, and cacti. Their large urinary bladder, which allows water resorption to keep them hydrated for
months at a time, also conserves water via excretion of nitrogenous wastes as uric acid. When sufficient
rain falls, tortoises drink from temporary rain pools, including pools in basins they dig in advance. Desert
tortoises may void portions of their bladder contents as a common defensive behavior when attacked or
handled inappropriately, leaving tortoises particularly vulnerable to harsh weather and predation during
periodic droughts.
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Desert tortoises require 13 to 20 years to reach sexual maturity, which is when females reproduce by
laying eggs. A clutch typically contains between 1 and 14 eggs, with clutch frequency reduced during
years with low rainfall. Nesting occurs in late spring or early summer, with egg incubation culminating in
hatching during August and September. Tortoises use burrows to escape extreme temperatures, and for
protection from predators such as coyotes, kit fox, ravens, ground squirrels and desert fire ants. The
high mortality of eggs and juveniles, up to 100% per year, severely constrains natural rates of population
and species recovery. Consequently, it is critical that conservation actions include substantial and
sustained efforts to increase egg production and recruitment, and decrease juvenile mortality for
species recovery to succeed.

Tortoise densities vary considerably throughout their range. In the Western Mojave Recovery Unit,
many areas have densities below 3.9 adults per square kilometer, which is considered the minimum
tortoise density for viable reproduction (Allison and McLuckie 2018). Mojave desert tortoise populations
have declined sharply in association with a variety of changes to their habitat in the past century. The
many, ongoing threats that increase tortoise mortality and habitat loss include urbanization, large-scale
renewable energy projects, proliferation of roads and highways, off-highway vehicle (OHV) activity,
predation by subsidized predators (e.g., ravens and coyotes) habitat invasion by non-native invasive
plant species and wildfire.

A primary threat to Mojave desert tortoise populations is increasing habitat loss and degradation, which
are driven by a wide range of human activities and climate-related stressors (USFWS 2011, Abella and
Berry 2016). One factor contributing to reduced habitat quality and connectivity is OHV activity, which
can degrade tortoise habitat by compacting soils, reducing infiltration, spreading invasive plants, and
harming vegetation, thus reducing suitable habitat for tortoise burrows as well as forage (Lovich and
Bainbridge 1999). Areas in the West Mojave with heavy OHV use have been found to host fewer
tortoises and tortoises with lower body mass than comparable undisturbed areas (Bury and Luckenback
2002; Berry et al. 2014).

Highway and paved road mortality contributes substantially to range-wide declines of the desert
tortoise. Road effects deplete populations, fragment habitat and populations, isolate populations
physically and genetically, subsidize predator populations, and provide human access that supports
collection, vandalism, and poaching in remote areas (Boarman and Sazaki 1996; USFWS 2011; Nafus et
al. 2013; Peaden et al. 2015).

Current Conservation Context

The Mojave population of the desert tortoise was listed as Threatened under the federal Endangered
Species Act on April 2, 1990. In 1994, the USFWS and others published a recovery plan for the Mojave
desert tortoise, proposed Desert Wildlife Management Areas (DWMA), and designated critical habitat
where the species occurred in four states. The 2011 revision of the Recovery Plan assigned the tortoise a
recovery priority number of 12C. The 12C category means that a moderate degree of threat and low
potential of recovery existed for the Mojave desert tortoise based on: “a) a moderate degree of threat,
which, although increased since 1994, does not place the species at imminent risk of extinction; b) a low
potential for recovery, adjusted based on current uncertainties about various threats and our ability to
manage them; c) listed population below the species level; and d) potential conflict with development or
other forms of economic activity.” The recovery priority number was changed to 11C to reflect its new
status as a distinct species after the Sonoran Desert tortoise was rigorously described as a distinct
species (Murphy et al. 2011).
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In October 2020, the California Fish and Game Commission granted temporary, state level, endangered
species status to the Mojave desert tortoise, and is considering the species as a candidate for
permanent listing as endangered.

In addition to describing the ecological needs of and threats to the Mojave desert tortoise, the USFWS’
2011 Revised Recovery Plan conveys the suite of conservation actions necessary to recover the species.
This Recovery Plan is the foundation for conservation strategies that appear in biological opinions
related to the RASP and in this Implementation Plan. Due to the species’ federally threatened status,
actions with a federal nexus and which may impact Mojave desert tortoises and their habitat, must
involve consultation with the USFWS under Section 7 of the Endangered Species Act.

In 2016, BLM’s Desert Renewable Energy Conservation Plan (DRECP) identified areas of critical
environmental concern (ACECs), which are BLM areas within public lands where special management
attention is required to protect and prevent irreparable damage to important historic, cultural, or scenic
values, fish and wildlife resources or other natural systems of processes, or to protect life and safety
from natural hazards (BLM 2016). For resource management purposes, ACECs have replaced the
DWMA:s identified in the Recovery Plan.

Many public and non-profit conservation entities are committed to recovering the Mojave desert
tortoise. The USFWS’ Desert Tortoise Recovery Office (DTRO) explicitly addresses ongoing population
declines and focuses on research, monitoring, recovery plan implementation, and associated recovery
permitting. The DTRO was established based on recommendations from the General Accounting Office's
2002 audit of desert tortoise recovery actions, and from the October 2004 Desert Tortoise Recovery
Plan Assessment’s guidance to improve coordination among entities working to recover the Mojave
desert tortoise.

This Implementation Plan aims to use significant, existing recovery plans to describe a road map to
invest future resources across jurisdictional boundaries consistent with these actions. Local entities seek
funds to implement the vision of the Revised Recovery Plan, and the DTRP aims to pool and streamline
investments to accelerate recovery of the species. This approach aims to address ongoing challenges to
recovery that stem from insufficient information on the effectiveness of management actions and the
broad geographic distribution of threats to the species (Averill-Murray et al., 2012). By prioritizing
conservation activities and evaluating their effectiveness over many focal areas across the species’ range
(Figure 1), in a framework that encourages a cross-jurisdictional approach, the DTRP is designed to
optimize the impact of the conservation investments.

The climate and expanse of the Mojave Desert helped the development of Department of Defense
(DoD) weapons testing and training sites in the region in the second half of the 20™" century. Today, each
of those military installations are dedicated to ensuring compliance with environmental regulations,
including recovering the Mojave desert tortoise under the Endangered Species Act. The installation
tortoise programs have driven numerous basic and applied scientific discoveries, including sequencing
the tortoise genome (Tollis et al. 2017), using genomics to identify landscape effects upon the species’
distribution (Sanchez-Ramirez et al. 2018), developing species distribution models to identify climate
refugia and risks of climate warming (Barrows et al. 2016), quantifying temperature-dependent sex
determination risks to reproductive success and long-term demography (Nagy et al. 2016) and
evaluating risks and successful methods to augment tortoise populations via head-starting (Nagy et al.
2015a,b, 2016). These installations have also quantified predation risks from subsidized predators (e.g.,
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coyotes [Esque et al. 2010] and ravens [Nagy et al. 2015a,b]), and advanced methods to control such
predators (e.g., oiling raven eggs in nests).

These programs continue today and offer numerous opportunities to drive scientific advances, such as
climate change risks to demographic stability and species recovery (Nagy et al. 2016). The Environmental
Affairs Division recovery and compliance actions at the Marine Corps Air Ground Combat Center
(MCAGCC), Twentynine Palms ensures environmental compliance, and actively leads advances via many
recovery actions, including population augmentation (head-starting and translocation) of desert
tortoises. The U.S. Army’s National Training Center and Ft. Irwin Directorate of Public Works
Environmental Division implements tortoise population augmentation research and efforts (head-
starting and translocation), sustains fencing that minimizes road-kill of desert tortoises, protects other
listed species (e.g., Lane Mountain milk-vetch) and implements other environmental compliance.
Environmental Support within Operations and Management at the Naval Air Weapons Station China
Lake implements tortoise conservation and addresses other wildlife issues. At Edwards Air Force Base
(EAFB), the 412%™ Civil Engineers Group’s Environmental Management Division designs and implements
innovative strategies for head-starting tortoises and controlling subsidized predators (e.g., oiling of
raven eggs).

State agencies in California actively implement conservation efforts for Mojave desert tortoise recovery.
The California Department of Transportation (Caltrans) is advancing design of tortoise exclusionary
fencing and road crossing infrastructure that may reduce vehicle strike mortalities and other road
effects (Hunt 2014; Caltrans 2020). The California Department of Fish and Wildlife (CDFW) issues permits
for research and recovery purposes, and determines the species conservation status at the State level.
The California State Parks also engage in Mojave desert tortoise conservation, including restoration
grantmaking, through their Off-Highway Motor Vehicle Recreation Division.

Other federal agencies, including the U.S. Bureau of Land Management (BLM) and U.S. Geological Survey
(USGS), are active in Mojave desert tortoise recovery. The BLM is an indispensable federal partner in
species recovery as a land manager and cross-jurisdictional planner. In the West Mojave, the BLM
manages large swaths of this land for multiple uses such as conservation, power transmission, mining,
mineral extraction, renewable energy, natural gas and petroleum transmission, and recreation. The BLM
is currently implementing the West Mojave Route Network Project (WMRNP; BLM 2019b), a travel
management planning effort covering 9.24 million acres in California’s West Mojave Desert that
supplements the 2006 West Mojave Plan. The agency’s California Desert District manages 3.1 million
acres in the WMRNP planning area, which includes much of the tortoise’s critical habitat areas in the
Western Mojave Recovery Unit. The DRECP sets disturbance caps and mitigation actions for activities
occurring in ACECs on BLM-managed lands.

The BLM has also played a critical role in developing a road map for native seed resources for the
Mojave Desert through its chairmanship of the Plant Conservation Alliance (PCA) Federal Committee,
which implements the National Seed Strategy for Rehabilitation and Restoration (NSS). In support of the
NSS, the Mojave Desert Native Plant Program published a five-year strategy for implementing the NSS
across the Mojave Desert ecoregion beginning in 2022 (MDNPP 2021). The BLM also leads regulatory
permitting for disturbance activities on BLM lands, and for such activities that impact the tortoise,
collects and manages mitigation funding. Although the DTRP considers only proactive funding for
Mojave desert tortoise recovery, it also considers the significant, ongoing mitigation resources provided
to recovery efforts, such as corvid control.
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Meanwhile, a substantial USGS focus is monitoring and scientific research aimed to better understand
the habitat needs of, threats to and impacts of recovery actions on the species. USGS scientists are key
partners in identifying and evaluating priority recovery actions range wide.

As tortoise populations continue to decline (see Allison and McLuckie 2018, and references therein),
federal partners have sought new ways to collaborate to advance species recovery. In June 2018, the
DoD and Department of the Interior (DOI) signed a Memorandum of Understanding (MOU) to establish
the Recovery and Sustainment Partnership (RASP) to develop species conservation and recovery
initiatives and increase flexibility for military missions (DoD and DOI 2018a). The Mojave desert tortoise
is one priority species DoD and DOI identified for recovery through the RASP. DoD and the USFWS
developed a species action plan (DoD and DOI 2018b; DoD and DOI 2019), with the goal of “[identifying]
actions required by DoD and the USFWS to reduce the regulatory burden on DoD for the management
of the target species and its designated critical habitat, as part of an overall effort to accelerate the
recovery of the desert tortoise in partnership with other federal and state agencies, and other partners.”
Subsequently, the USFWS is conducting consultation under Section 7 of the Endangered Species Act to
address future training impacts and effective, long-term and coordinated DoD contributions to desert
tortoise recovery. Installations may contribute funding to support RASP activities as part of this
partnership.

’

Federal and state engagement in recovery efforts is complemented by that of several conservation
organizations, including the Amargosa Conservancy, the Desert Tortoise Preserve Committee, Friends of
El Mirage, Friends of Jawbone, Mojave Desert Land Trust, Preservation Ranch and Transition Habitat
Conservancy. The Desert Tortoise Council, an organization of desert tortoise researchers, NGOs, and
government agencies, provides a significant forum and guidance to advance tortoise conservation
biology, and convene stakeholders to disseminate the latest conservation strategies.

Another important source of support for desert tortoise conservation is mitigation funding resulting
from development activities in the Mojave Desert. NFWF’s Impact-Directed Investment Accounts (IDEA)
division manages mitigation funds to support raven monitoring and management, and has for several
years funded research on the interaction between desert tortoises and ravens in California deserts at
the Joshua Tree National Park and Pinto Mountains CHU; Mojave National Preserve, Piute-Fenner and
Ivanpah CHU; Superior-Cronese CHU and Fort Irwin’s southeast conservation area; Chemehuevi CHU;
Ord-Rodman CHU; and the Fremont-Kramer CHU (including a portion within Edwards Air Force Base and
Desert Tortoise Research Natural Area). NFWF IDEA funds this work in consultation with the Renewable
Energy Action Team (consisting of CDFW, California Energy Commission, the BLM, and USFWS) to
implement a regional raven management plan to reduce predation by ravens on the desert tortoise in
California deserts. Funding for implementation of the regional raven management plan is provided to
and administered by NFWF IDEA as mitigation for impacts to the desert tortoise in the California desert.
Since this funding source for raven management exists, this Plan does not propose to direct additional
non-mitigation funding resources toward raven management.

The remarkable magnitude of federal resources contributes substantially to advancing and
implementing recovery actions for the Mojave desert tortoise. These strengths are bolstered by state
and non-profit resources, but effective conservation requires greater coordination and capacity to
accelerate tangible recovery impacts. With funding strategically focused on achieving measurable, high-
value conservation benefits, the Mojave Desert Tortoise Recovery Implementation Plan can reinforce
these partners in advancing recovery of this American desert icon.
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Implementation Plan Objectives

The ultimate goal of this Plan is to support the Recovery Plan’s de-listing criteria via coordination and
collaboration among governmental and non-governmental recovery partners. While this Plan is initially
designed for a 10-year implementation time-frame, the objectives addressed are medium-term, 5-year
objectives. It is the intention that long-term 10-year objectives will be added to the plan around the 5-
year mark. Through priority strategies, this Plan will guide investments in projects that optimize habitat
and demographic improvements for Mojave desert tortoises in California’s western Mojave Desert
(Table 1). This plan is not an exhaustive list of recovery actions, but it addresses key drivers of
population declines.

To reduce mortality rates due to vehicle strikes, this Plan invests in the installation of 32 miles of
exclusion fencing along priority highways in the western Mojave Desert within the first five years.
These fences will be accompanied by flood control culverts or other underpass or overpass structures
that reduce population isolation by allowing tortoises to pass safely under or over roadways. These road
improvement structures reduce tortoise mortality and increase population connectivity and gene flow.
Installing barrier fencing may enable repopulation of road-effect zones, where populations have been
significantly depleted along road mortality hot spots (Nafus et al. 2013, Peaden et al. 2015). Tortoise
densities can be much lower adjacent to unfenced highways compared to areas further away from
highways (Peaden et al. 2015), and juvenile tortoise home ranges decrease in size, while carapace
temperatures increase, with proximity to roads (Peaden et al. 2017). Prudently placed highway fencing
could enable nature-assisted restoration of these areas as desirable tortoise habitat, and thus expand
the total habitat available to tortoises.

To mitigate impacts from unauthorized OHV use, this Plan invests in the marking and vertical mulching
of unauthorized OHV routes, to result in the incorporation of an additional 75,000 acres within
defensible polygons in the first five years. Defensible polygons are contiguous tracks of land where
human intrusion and disturbance can be greatly diminished or eliminated through successful OHV route
closures, land protection, and restoration. This will be achieved by marking and signing unauthorized
OHYV routes, and likely involve obscuring routes using vertical mulching. Vertical mulching can increase
compliance with route closures through placement of structures such as live vegetation, rocks, dead
shrubs, and woody material on the closed roadway surface to obscure the route. When vertical
mulching is not successful in closing an unauthorized route, fencing or other physical barriers may be
necessary to achieve closure.

To further reclaim and rehabilitate tortoise habitat, this Plan will support the protection and
restoration of 250,000 acres of habitat within the focal areas in the first five years. To protect tortoise
habitat and create larger continuous tracts of tortoise habitat, the Plan supports the purchase of
inholdings and the establishment of conservation easements that remove habitat from future
development or mitigate losses of habitat elsewhere. Restoration activities such as soil remediation,
weed management, and revegetation with native plants, may be required to restore natural functions to
closed routes and other patches of habitat. Degraded habitat provides areas less suitable for foraging,
breeding and resting (Abella and Berry 2016), which likely leads to a decline in tortoise health and
reproductive success. To support habitat restoration activities, this Plan will invest in seed collection and
propagation where native seed banks have been depleted through competition with non-native plants.

Population augmentation via translocation or head-starting to zones depauperate of tortoises could
bolster tortoise populations. Head-starting involves raising young tortoises in protected areas until they
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reach sizes that are less vulnerable to threats, such as predation by ravens, before release to the wild.
DoD has funded head-starting research and recovery efforts at MCAGCC, Ft. Irwin and EAFB, with
MCAGCC’s Tortoise Research and Captive Rearing Site continuing numerous analyses, including
demographic monitoring of released, headstarted tortoises. Within all focal areas in the Western
Mojave Recovery Unit, desert tortoise densities are below a minimum viable density threshold of 3.9
adults per square kilometer (USFWS 1994). Below this threshold, reproductive potential and survival
diminish, genetic diversity is lost, and local extirpation is likely without intervention. Additionally, high
predation on juveniles compromises recruitment of small tortoises to reproductive size classes.
Augmenting depleted populations should bolster adult reproduction and juvenile recruitment into adult
populations.

Finally, community outreach performed in tandem with habitat improvements can convey more success
than improvements alone. Information and education campaigns can build public support for and
involvement in the recovery of the Mojave desert tortoise. An educated public is more likely to be aware
of how their actions can negatively impact tortoises. Through education and outreach initiatives, this
Plan hopes to reduce human subsidies of predator communities like ravens that prey on young tortoises
and severely reduce recruitment. Outreach and additional staffing (not funded by NFWF) for law
enforcement or visitor contact rangers can also increase compliance with OHV route designations and
aid in the protection of tortoises and their habitat within defensible polygons.

Environmental and Cultural Clearance Needs

Conservation activities are subject to many critical environmental and cultural compliance
requirements, like those defined by the National Environmental Policy Act (NEPA). Planning for smooth
compliance is key to accomplishing tangible benefits for the Mojave desert tortoise. There are several
existing authorizations for the work implemented under this Plan. The West Mojave Route Network
Project (WEMO) amended the California Desert Conservation Area Plan and resulted from an
Environmental Impact Statement (EIS; BLM 2019a). That document analyzed all of the restoration and
conservation activities proposed under this Plan. The EIS also addresses compliance with the
Endangered Species Act (ESA), National Historic Preservation Act (NHPA), and Clean Air Act (CAA).

Projects activities that have not been analyzed in the WEMO will need to obtain the appropriate
compliance documentation as part of project implementation prior to work commencing. This process
benefits incredibly from early planning, which improves the best management of resources. Many
implementing organizations are experienced in completing these legal requirements. We expect funding
applications will clearly and completely document the applicants’ environmental authorizations for their
projects. This Plan budgets funds to assist grantees in completing these compliance requirements as
part of their projects.
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Table 1. Desert tortoise RASP objectives in the Plan’s first five years

Short-term habitat objectives

Construct 32 miles of desert tortoise exclusion fencing along high-priority highways in the western
Mojave Desert

Rehabilitate unauthorized routes of travel in the identified recovery focal areas to incorporate an
additional 75,000 acres within defensible polygon units

Protect and restore up to 250,000 acres of habitat in identified recovery focal areas

Medium-term species objectives

The focal area populations have an increasing rate of adult survival, reproductive success, and
juvenile recruitment that is statistically greater than those measured at reference sites outside focal
areas for a period of 5 years

Desert tortoise density in the focal areas is above minimum viable density (3.9 tortoises per square
kilometer) for a period of 5 years

The proportion of juvenile desert tortoises in focal area populations is statistically greater than those
measured in reference sites outside of focal areas for a period of 5 years
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Geographic Focus

The RASP Implementation Plan focuses recovery actions in specific focal areas in the western Mojave
Desert so resources can provide the greatest benefit to recovery of the desert tortoise (Figure 1). These
focal areas are predominantly large sections of public lands managed by the BLM, are within designated
critical habitat, and are located near DoD installations participating in the RASP. Protecting these focal
areas would benefit from efforts to reduce encroachment on military missions. Relevant characteristics
of each foal area are described in Table 2.

The RASP focal areas support landscape-scale connectivity and minimize overlap with grazing allotments
and open OHV recreation areas, thereby reducing conflict with RASP objectives. Consequently, we
expect that these focal areas will respond more readily to conservation investments due to existing
conservation designations and their habitat and population characteristics. However, road crossing
improvement projects will be supported across a broader geography, targeting priority road sections
throughout the western Mojave Desert (Figure 1).
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Figure 1. Mojave Desert Tortoise RASP Implementation Plan focal areas and priority highway fencing
segments in the Western Mojave Recovery Unit. Priority fencing segments include: (1) 1-40 Daggett to
Newberry Springs, CA; (3) I-40 National Trails West of Pigsah, CA; (5) I-40 West of Van Winkle Wash to E
of Essex Rd, CA; (7) I-15 North of Barstow, CA; (8) I-40 North of Black Ridge, CA; (11) I-40 Old Dad
Mountains, CA; and (13) 1-40 Kelbaker Rd, CA.
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Table 2. Conservation focal areas

Focal Area Description

Superior-Cronese This region includes Black Mountain and Coolgardie. Black Mountain is

West dominated by the Black Mountain Wilderness area, a volcanic area that is
largely protected and has low usage except during the fall hunting season.
Landowners are primarily Federal agencies, state agencies or conservation
organizations. This area has received recent restoration and the habitat is fair
to good. Coolgardie is a diverse area with several listed or petitioned species
including Lane Mountain milk-vetch, Joshua tree, and Mohave ground squirrel.
It is comprised of BLM, DOD, and private ownership. This area is also impacted
by the urban interface and mining. Subsidized predation, particularly by
common ravens, is a major management issue. Restoration efforts have been
challenging here due to land control issues. Continued intense monitoring will
be required to maintain quality, safe habitat.

Superior-Cronese This region includes Calico Mountain and Cronese Lake. Calico Mountain

East includes BLM, DOD, and private holdings. Mining and exploration occur in this
area, while the primary threats are unauthorized OHV use and illegal cannabis
cultivation. Subsidized predation, particularly by common ravens, is a major
management issue. The overall condition of the habitat is poor, and restoration
is challenging due to the mixed ownership and urban interface. Cronese Lake is
comprised of multiple ownerships, but primarily BLM and DoD managed lands.
This area is primarily used for power and other utility transmission. Habitat
degradation occurs from unauthorized OHV use and exploration. The subregion
is remote and lends itself to restoration activity with islands of roadless areas
and decent habitat. Areas closer to I-15 are impacted by travelers and trash.

Fremont-Kramer This region includes Fremont Peak and Kramer Hills. Land owners in Fremont
Peak include the BLM, CDFW, Wildlands Inc., and Transition Habitat
Conservancy. The primary threat in this area is unauthorized OHV use and
cannabis cultivation. The overall condition of the habitat is fair to poor; drought
has caused a severe lack of water and deteriorating vegetation. Kramer Hills is
pockmarked with multiple ownership, primarily BLM and private, with some
contiguous parcels of DoD on the east side. This area is heavily influenced by
the urban interface and private cannabis cultivation. Subsidized predation,
particularly by common ravens, is a management issue more acute here than in
other focal areas. The habitat in this area, where protected from hazards, is
good, while the overall area is dissected with private parcels that inhibit
scalable restoration.
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Ord-Rodman West

This region is located east of Hwy 247 and is dominated by electric and natural
gas transmission lines and contains an active grazing allotment. The primary
threats in this area are unauthorized OHV use and cannabis cultivation.
Subsidized predation, particularly by common ravens, is a major management
issue. Recent translocations have increased tortoise density in this area, and the
habitat is fair to good. The Ord Mountains typically get more rain and winter
moisture than other focal areas.

Ord-Rodman East

The region is dominated by two large wilderness areas, Newberry Mountain
and Rodman Mountain. This area is part of an active grazing allotment and is
susceptible to unauthorized OHV use. Its proximity to the Johnson Valley OHV
Area is contributing to this use, and it will take time determine the
effectiveness of OHV fencing. Subsidized predation, particularly by common
ravens, is @ major management issue. Like the Ord Mountains, this area has
seen greater than average moisture and the habitat is in fair to good shape.
Along with Ord-Rodman South, this area was a recipient site for translocated
desert tortoises from MCAGCC’s western expansion area, which supported
tortoise recovery by augmenting tortoise populations in this focal area.

Ord-Rodman South

This region includes East Ord Mountain and has conditions similar to those of
the Ord-Mountain West focal area. Subsidized predation, particularly by
common ravens, is a major management issue. Along with Ord-Rodman East,
this area was a recipient site for translocated desert tortoises from MCAGCC's
western expansion area, which supported tortoise recovery by augmenting
tortoise populations in this focal area.
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Priority Implementation Strategies

NFWF will fund the following implementation strategies over a 10-year period to support the short- and
medium-term objectives described in this Plan. The results chain in

Figure 2 provides a model for how the collective strategies are anticipated to contribute to the identified
conservation objectives.

Strategy 1. Mojave desert tortoise habitat improvement

1.1 Establish defensible polygons of desert tortoise habitat — Expanding existing or conserving new
tracts of Mojave desert tortoise habitat via route restoration and land protection

1.1.1 Land acquisitions and conservation easements — Acquire land acquisitions or conservation
easements within focal areas, with priority given to inholdings that are strategically important
for moving restoration actions forward, which would connect multiple existing conservation
lands within critical habitat areas, or which are particularly cost-effective. A funding mechanism
for long-term stewardship of acquired lands or conservation easements should be included in
this strategy.

1.1.2 OHV route signage — Install signs on unauthorized routes to indicate route closures. Signs
may also include education material to encourage compliance.

1.1.3 Vertical mulching — Conduct restoration of unauthorized routes using vertical mulching to
restore habitat and discourage incursions into tortoise habitat.

1.1.4 Physical barrier installation — Install physical barriers on unauthorized routes where
signage and vertical mulching have been unsuccessful.

1.1.5 Community outreach and education — Build support for, understanding of, and compliance
with authorized use of off highway vehicles to reduce human intrusion into desert tortoise
habitat, maintain the integrity of existing habitat, and restore degraded habitat. Education
programs can also reduce instances of mortality, poaching, and human subsidies of predators on
tortoises.

1.1.6 Increase visitor contact staffing to reduce non-compliance with route and habitat
restoration closures — Fund visitor contact ranger positions to educate land users on the
purposes of route and habitat closures. While no funding for this strategy will come through
NFWEF, other RASP partners intend to support this strategy.

1.2 Improve desert tortoise habitat on protected lands— Restoring degraded tortoise habitat on
defensible habitat space

1.2.1 Habitat restoration: Improve native species habitat function and health for desert tortoise
within defensible polygons or along closed OHV routes. Priority actions may include de-
compacting unauthorized routes, invasive plant control, native seeding and outplanting to help
native plants reestablish.

1.2.3 Increase native seed banks — Support native seed collection to increase seed stocks for
restoration and reclamation work to facilitate native seeding/outplanting restoration efforts.
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Strategy 2. Support road crossing improvements

2.1 Construct or repair exclusion fencing along roads — Construct or repair exclusion fencing along
paved road “hotspots,” and consequently reduce mortality of desert tortoises. Maintain fencing
once installed or repaired.

2.2 Install or improve culverts, underpasses or overpasses — Install or improve culverts or other
underpass or overpass structures along exclusion fencing to mitigate effects of population
fragmentation and allow for tortoises to circumvent dangerous movement across highways.
Maintain culverts, underpasses, and overpasses once installed or improved.

Strategy 3. Augment depleted Mojave desert tortoise populations

3.1 Head-starting and reintroduction — Support efforts to obtain adult tortoises for progeny, captive-
rearing of offspring, and reintroduction of young tortoises to appropriate locations that are
sufficiently protected, maintained, and monitored to augment existing populations.

3.2 Translocation — Translocate wild tortoises from construction or other disturbed sites into
appropriate locations that are sufficiently protected, maintained, and monitored to augment
existing populations. While no funding for this strategy will come through NFWF , some RASP
partners intend to support this strategy.

Strategy 4. Increase capacity for project implementation and data management

4.1 Create a RASP Coordinator position — Create a dedicated position to coordinate partners and
projects to ensure efficient delivery of on-the-ground recovery projects, and coordinate RASP
partner meetings and reports to be funded annually for the duration of this Recovery and
Sustainment Partnership.

4.2 Support regulatory compliance — Identify or create staff capacity to coordinate regulatory
compliance for recovery actions.

4.3 Support data collection and data management — Identify or create capacity to fulfill data
collection and management needs to meet federal agency and RASP requirements and support
monitoring initiatives.

Strategy 5. Monitoring and Adaptive Management

5.1 Species monitoring — Support Mojave desert tortoise monitoring and analysis to inform progress
towards medium-term population objectives and inform conservation decision-making.

5.2 Improve understanding of recovery action effectiveness — Support applied research and
effectiveness monitoring to elucidate impacts of priority management actions and improve
tortoise recovery efforts.

5.3 Host annual stakeholder meetings — Host annual RASP partner meetings to review progress
towards Plan goals, review and integrate any lessons learned or relevant effectiveness monitoring
results, and adaptively manage implementation by identifying priorities for the next annual
request for proposals (RFP).

5.4 Assess and revise Plan in years 4 and 8 — Assess implementation of this Plan in years 3, 5, and 8
and make revisions as needed to adaptively manage partnership priorities.
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Figure 2. Results chain depicting the relationship of various strategies (yellow hexagons) within the Implementation Plan to each other, to the objectives (blue boxes) and ultimately to a goal for Mojave desert tortoise recovery (green ovals)
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Adaptive Management

Evaluation of project reporting, monitoring, and other research can inform how to better direct the
type, scale and location of conservation actions to maximize benefits to Mojave desert tortoise
populations. The National Research Council defines adaptive management as:

Adaptive management [is a decision process that] promotes flexible decision making that can be
adjusted in the face of uncertainties as outcomes from management actions and other events
become better understood. Careful monitoring of these outcomes both advances scientific

understanding and helps adjust policies or operations as part of an iterative learning process.

For this Plan to improve recovery of the Mojave desert tortoise, it must include a process for adaptively
managing partnership goals and strategies, with a commitment to plan, act, evaluate, and adjust

partnership strategies over the life of the plan.

Plan: Prioritize and identify data needs

Develop a plan to collect information to assist
in prioritizing conservation actions

e Short-term metrics (ex. # mi of fence

Act: Implement priority conservation actions

Resources are shepherded and projects are
implemented

installed, # routes closed)

e Implementation lessons-learned

e Tortoise monitoring data

e Project effectiveness monitoring (ex.
fence longevity, OHV closure

persistence) A

e RFP priorities come from this Plan and
> subsequent adjustments

i 8

Adjust: Shift or change priorities based on
implementation outcomes

Engage stakeholders to consider any changes
to objectives or prioritization of actions

e Modify RFP based on learnings from
project reviews.

e Ensure that any changes are
compatible with the regulatory

Evaluate: Analyze effectiveness of the action
Monitoring, Modeling, and Research

e Monitor range-wide population
metrics long-term

e Conduct population demographics
monitoring at project sites

e Annual partner review of metrics and
monitoring data to determine if certain
types of projects need to be
reprioritized in next RFP.

e Collect lessons learned from grantees
through project reporting

e Track implementation metrics and

environment. <

assess subsequent long-term

e Revise Plan on a 3-year cycle subject
to funding availability

sustainability of actions such as fence

installation and vegetative restoration
e Analyze the impact of the

implemented conservation actions
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Key components of the adaptive management process include, but are not limited to:

Plan: Prioritize and identify data needs

NFWF’s robust, science-based grantmaking process is designed to collect information about funded
project to support effective decision-making. The Foundation uses a reliable, transparent and
transferable process to identify which activities are likely to be successful and have the largest
conservation impact. NFWF’s rigorous science and evaluation framework ensures that the Foundation's
efforts will have the highest possible value and lasting effect.

For example, the Foundation provides a list of standardized metrics on which grantees may choose to
report to capture the achievements of their project. At the Full Proposal stage, these metrics provide a
roadmap for setting priorities, establishing outcomes, and determining the projects with the greatest
opportunity for impact and success. At the reporting stage, they enable the Foundation to gauge
progress on individual grants and ensure greater consistency between the monitoring data provided by
multiple grant projects to show impact at the partnership scale.

Act: Implement priority conservation actions

In this stage, project resources are shepherded, and projects are implemented.

Evaluate: Analyze effectiveness of the actions

Monitoring, modeling, and research are key components of adaptive management and are central to
the Plan. Strategies include:

e Effectiveness monitoring at project sites: Monitor and evaluate population demographics and
other effectiveness measures at project sites

e Grantee Project Reporting: Review and assess grantee project reports, especially lessons
learned, as tools for evaluating project effectiveness and impact

e Evaluate lessons learned from projects funded in previous rounds of grantmaking.

e When available, new data on Mojave desert tortoise populations specific to partnership-funded
projects as well as range wide population trends will be used to inform RFP priorities.

Adjust: Shift or change priorities based on implementation outcomes

In the first few years of Plan implementation, adaptive management will focus primarily on adjusting
RFP priorities as necessary based on results collected in effectiveness monitoring. Annual stakeholder
meetings and RFP drafting meetings will facilitate incorporation of lessons learned and allow for
priorities to evolve on an annual basis.

A formal Plan assessment may be conducted periodically, subject to funding availability. The
assessments evaluate the initiative’s implementation progress, conservation progress, and long-term
sustainability of progress, highlight broader impacts of our grantmaking, and describe lessons learned.
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Risk Assessment

Risk is an uncertain event or condition which, if it occurs, could have a negative effect on a partnership’s desired outcome. We assessed seven risk event categories to determine the extent to which they could impede progress towards our
stated recovery strategies and goals during the next 10 years. Below, we identify potential risks and describe strategies to minimize or avoid those risks, where applicable.

CATEGORY RATING RISK DESCRIPTION MITIGATING STRATEGIES
. . - . . . . Partners have drafted a plan to minimize impacts of solar power development to tortoises, and this Plan focuses on
Expansion of solar energy production and military installations into new areas may put increased pressure critical habitat units that would be excluded from solar energy development. Military partners are engaged in the
Economic Risks Moderate on Mojave desert tortoise habitat. An increase in the establishment of mining claims for locatable or gy P ) yp gag

Environmental
Risks

Financial Risks

Institutional Risks

Regulatory Risks

Scientific Risks

Social Risks

Moderate

Moderate

saleable mineral resources could pose a similar threat.

RASP to help direct resources to priority recovery actions. If new mining claims continue to grow, the BLM may be
able to pursue a mineral withdrawal of Mojave desert tortoise critical habitat from new mining claims.

Prolonged and more frequent drought can negatively impact Mojave desert tortoise reproduction and
survival. Climate change is likely to contribute to more frequent drought in the Mojave Desert. Invasion of
non-native plant species is decreasing food and shelter resources for the tortoise, and growing populations
of predators like ravens and coyotes threaten tortoise reproductive success and survival.

Mitigation funding for Mojave desert tortoise recovery actions in the region is supporting raven control strategies. A
focus on habitat and climate refugia could mitigate the overall impact of environmental challenges, which therefore
makes the spatial component critical to prioritizing conservation actions.

Funding from federal partners is subject to appropriations and competitive grantmaking. The cost-
effectiveness of many recovery actions is not yet understood, so there is a risk of not targeting available
funding to the most cost-effective recovery actions. Some short-term project costs, such as exclusion
fencing material, may fluctuate.

The partnership will seek to diversify funding sources beyond DoD to minimize dependence on any one funder, and
will work with partners to advance the strongest funding proposals possible to potential funders. Projects will be
geared towards, and adaptively managed, to address the highest priorities and values for recovery.

The usefulness of this Plan will depend on its ability to fill gaps in an already robust recovery plan
architecture. It relies on collaboration between a variety of different agency partners with different land
management approaches and policies, but is founded on the understanding that the relevant work on
critical habitat is located almost entirely on BLM lands. Leadership of these agencies and their priorities
may change over the course of the implementation timeline, leading to changes in approach and policy
within agencies. With regard to on-the-ground implementation, some key partners may be for-profit
corporations, which currently are not eligible for most NFWF funding.

A wealth of information on which to base recovery strategies exists thanks to many years of work by USFWS, BLM,
USGS, DOD, state agencies, academics and non-profits, and this Plan seeks to operationalize that groundwork, not
duplicate existing efforts. If it proves difficult for NFWF to solicit enough high-quality proposals from eligible entities,
it may be necessary to consider expanding the list of eligible entities or seek longer funding timelines from funders
to identify projects and disburse funds.

Changes to the Endangered Species Act and its implementation may impact the motivation and strategies
of partners. Additional capacity to complete necessary NEPA and cultural clearances may be needed.

Cross-jurisdictional partnerships like the RASP are designed to increase the conservation impact of ESA Section 7
recovery actions and offer greater flexibility to federal agencies for ESA Section 7 compliance. An inventory of
existing programmatic NEPA coverages is included in this Plan, and a RASP coordinator position has been included
to increase capacity for project-level NEPA and cultural clearances.

Range-wide monitoring efforts have not been able to collect all relevant data to inform implementation of
recovery actions. By focusing on the scale on which we measure recovery of the species, there is a risk that
the plan may use short-term and long-term targets that are not adequate predictors of impact for range-
wide recovery. Because tortoises are so long-lived and many effects are not obvious, monitoring impact can
be challenging.

The partnership will fund range-wide monitoring efforts to address key information gaps.

Off-highway vehicle (OHV) recreationists are key stakeholders in the region, and it has proven a challenge
for land managers to gain compliance from users in Mojave desert tortoise critical habitat units. lllegal
cultivation of marijuana in the area is also a growing threat to tortoise critical habitat.

Strategies for route closures in the Plan take into account the need for community outreach to increase the
effectiveness of this habitat restoration strategy. The Plan highlights the need to support and enhance law
enforcement coverage, coordinating across agencies and jurisdictions, particularly with the San Bernardino County
Sheriff's Department, however no funding from the NFWF RFPs will support this.
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Partnership Sunsetting

This Plan was developed based on the expectation that a sustained, strategic investment could achieve
measurable progress for the Mojave desert tortoise within a 10-year time frame, during which specific
species recovery actions can be implemented, monitored, and measured for the effectiveness. Should
further or sustained conservation investment for recovery of the species be required past this period,
NFWF will work with the funding partners and other stakeholders to determine the most sustainable
path forward for Mojave desert tortoise conservation funding.

NFWF will work with the RASP partners in year 4 of the NFWF partnership to examine progress toward
the medium-term species objectives and determine what longer-term goals to set for the second 5-year
period of this 10-year Plan. In year 9 of the partnership, NFWF will work with the RASP partners to
determine next steps for tortoise recovery funding and to implement those next steps. Long-term
options may include but are not limited to a 5-year extension of the NFWF partnership to a total 15-year
term, or the establishment of a stewardship endowment managed by NFWF but directed by DoD and
partners for the long-term maintenance of recovery actions. Alternatively, should Mojave desert
tortoise populations show such significant improvement in the Western Mojave Recovery Unit, it may
be prudent to close out the funding partnership entirely, or to expand it to other recovery units beyond
the Western Mojave.

Monitoring & Evaluating Performance

To track partnership performance and conservation outcomes, NFWF will monitor progress at the
project and partnership scales. Table 3 summarizes the core metrics for tracking progress towards
stated conservation goals over the 5-year term of the RASP objectives and over the longer 10-year term
of this Plan. A detailed description of monitoring plans for population parameters including range-wide
monitoring, which was developed by Conservation Science Partners under contract with NFWF, is in
Appendix A. At the partnership scale, broader habitat and species outcomes will be monitored through
targeted grants, existing external data sources, and/or contracted entities as needed.

Table 3. Metrics for measuring progress towards conservation goals over 5 and 10 year periods (Focal
area abbreviations: FK = Fremont-Kramer; OR = Ord-Rodman; SC = Superior-Cronese)

. Baseline Target Target
Goal Met Dat.
oals etrics (2022) (2027) (2032) ata source(s)
Strategy 1: Mojave desert tortoise habitat improvement
f . . Grantee
' Protect existing # of acres acquired in 0 15,000 25,000 reportin
Habitat . fee P i
. habitat from
Protection conversion # of acres protected Grantee
P 0 15,000 25,000 .
under easement reporting
# of acres restored 0 250,000 | 600,000 | Srantee
Habitat . reporting
restoration Improve the quality # of seedlings Grantee
and and quantity of ropa atedg 0 2,500 5,000 reportin
improvement functional habitat Propag G P &
Ibs of seeds collected 0 5,000 12,000 rantge
reporting
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. Baseline Target Target
Goals Metrics Data source(s
! (2022) (2027) (2032) i
# of signs displaying
permitted us.e installed 0 10,000 20,000 Grante.e
on unauthorized OHV reporting
routes
# of sites with vertical
mulching conducted
.and/or phy5|c.a| barriers 0 3,000 6,000 Grantge
installed to discourage reporting
use of unauthorized
) OHV routes
Improvel h'abltat # of defensible Grantee
conn'ect‘lwty anc:l . restoration polygons 0 50 100 .
continuity of existing established reporting
habitat
abita # of established
. . Grantee
defensible restoration 0 20 60 ;
L reporting
polygons persisting
# of acres protected Grantee
within an estimated 0 75,000 150,000 .
: reporting
defensible polygon
# of people reached by
outre:.:\ch, tra.mlng, or 0 50,000 100,000 Grantge
technical assistance reporting
activities
Strategy 2. Support road crossing improvements
Miles of of new Grantee
. highway exclusion 0 32 60 .
Construct exclusion Lo reporting
fenci ion fencing installed
Reduce indirect e. cing along Miles of highway
. highways to reduce . . Grantee
and direct . exclusion fencing 0 15 30 .
mortality from . reporting
sources of road . . repaired
] vehicle collisions, -
mortality . # of highway
poaching and other
. underpasses such as Grantee
sources of mortality : 0 15 30 .
culverts installed or reporting
improved
Strategy 3. Augment depleted Mojave desert tortoise populations
Population Increase the number # of tortoises reared in Grantee
P . of desert tortoises in . 50/yr 500 1,000 ;
augmentation head-starting programs reporting
focal areas
Strategy 4. Increase capacity for project implementation and data management
Increase staff
. capacity to
gzzz;;ty coordinate the # of jobs created 0 1 1 ?erag:zi
g partnership and P g
manage data
Comply with state
and federal data # of studies whose
Improved Data . - Grantee
collection and findings are reported to 0 10 20 .
Management reporting
management management
standards
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Baseline Target Target

Goals Metrics Data source(s)

(2022) (2027) (2032)
Strategy 5. Monitoring and Adaptive Management
Adult tortoise survival 0.951 Grantees or
rate ’ contractors
Reproductivglsuﬁcless 3112 Increasing rate that is Grantees or
(eggs female-1yr1) statistically greater contractors
than those measured at
Juvenile recruitment reference sites outside | Grantees or
(females/female/yr) 0.513 focal areas for a period | contractors
Population Ir'npr.o.ve populat:gn of 5 years
L viability for tortoises
monitoring oy
within focal areas G
Proportion of juveniles <32%* rantees or
contractors
DTRO, DoD
FK: 2.6 . . installation
Tortoise density® > min. viable density monitoring
; OR:3.6 | (3.9 tortoises/km?) for a
(tortoises/km?) eriod of 5 vears programs,
SC:2.4 P y grantees or
contractors
Monitor population
Effectiveness demographics and ) )
monitoring at | other effectiveness # of sites being 0 25 50 Grantge
projects sites measures at project | Monitored reporting
sites

1 5-year average of adult tortoise survival at sites within the Western Mojave Recovery Unit (Henen 2022).

2 Estimated average egg potential for adult females 2014-2018 in the Western Mojave Recovery Unit (Mitchell et al. 2021).

3 Annual recruitment estimates calculated by Campbell et al. (2015) assuming hatchling survival to be 0.30. Estimates of
hatchling survival are sparse, so baseline recruitment is estimated from best available data until monitoring efforts are
implemented.

4 Berry et al. (2020) estimated juveniles accounted for 32% of the sampled population or 19 out of 60 individuals in a protected
area (DTRNA). RASP focal areas are expected to host a fewer number of juveniles due to its unprotected status than

comparable protected habitat.

5 Average adult density estimates for FK, OR and SC from 2004-2014 (Allison and McLuckie 2018)
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Budget

The following budget shows the estimated costs to implement the activities identified in this
Implementation Plan that NFWF intends to invest in through an annual Request for Proposals. This
budget reflects NFWF’s anticipated engagement over the Implementation Plan period of performance;
however, it is not an annual or even cumulative commitment by NFWF or our partners to invest. We
acknowledge that in many cases the activities laid out in the plan build upon efforts funded by other
organizations. This budget assumes that the current trajectory of funding by those other organizations
continues over this partnership’s time frame; however, only NFWF funds are shown in the budget
below.

Table 4. NFWF-Administered Budget for Mojave Desert Tortoise Implementation Plan

BUDGET CATEGORY | Years1-5(5) | vears6-10(3) | Total ($)

Strategy 1: Mojave desert tortoise habitat improvement
1.1 Establish defensible polygons of desert tortoise $15,000,000 $12,000,000 $27,000,000
habitat
1.2 Improve desert tortoise habitat on protected $6,600,000 $8,400,000 $15,000,000
lands
Strategy 2. Support road crossing improvements
2.1 Construct exclusion fencing along highways $1,800,000 $2,400,000 $4,200,000
2.2 Install or improve culverts, underpasses or $800,000 $1,255,000 $2,055,000
overpasses
Strategy 3. Augment depleted Mojave desert tortoise populations
3.1 Head-starting and reintroduction | $2,500,000 | $2,500,000 $5,000,000
Strategy 4. Increase capacity for project implementation and data management
4.1 Create a RASP Coordinator position $850,000 $900,000 $1,750,000
4.2 Support regulatory compliance $300,000 $345,000 $645,000
4.3 Support data collection and data management $170,000 $185,000 $355,000
Strategy 5. Monitoring and Adaptive Management
5.1 Species monitoring $1,350,000 $1,350,000 $2,700,000
5.2 Improve understanding of recovery action $400,000 $400,000 $800,000
effectiveness
5.3 Host annual stakeholder meetings $50,000 $50,000 $100,000
5.3 Assess and revise Plan in years 4 and 8 $30,000 $15,000 $45,000
Other

Communications and community relations $150,000 $200,000 $350,000
TOTAL BUDGET $30 M $30 M $60 M
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Executive Summary

The Department of Defense and Department of Interior (DOI) signed a Memorandum of Understanding
(MOU) to establish the Recovery and Sustainment Partnership (RASP) initiative to develop species
conservation and recovery initiatives and provide increased flexibility for military missions. Here, we
present a monitoring plan in support of the RASP Implementation Plan for the federally threatened
Mojave desert tortoise (MDT; Gopherus agassizii), currently being developed by the National Fish and
Wildlife Foundation.

The overall objective of the RASP monitoring plan is to
promote effective coordination among agency personnel
involved in data collection and analysis efforts as well as
improved guidance on prioritizing MDT management

Box 0.1. Overarching guiding principles
for RASP monitoring plan:

® [ocus on short-term indicators linked to

options. The RASP monitoring plan is intended to support
efforts by management agencies and key stakeholders in
MDT conservation—but specifically the RASP—to
effectively monitor MDT population responses to human
activities and conservation interventions in a single,
coherent, range-wide framework.

The monitoring plan is organized into four principal
sections, which are summarized below: 1) review of
existing data on RASP monitoring metrics, 2) guidance on
population-level monitoring methods and study design, 3)
opportunities and guidance for effectiveness monitoring,
and 4) data management. We provide overarching
guiding principles for the RASP monitoring plan in Box 0.1
and key recommendations in Box 0.2.

longer-term tortoise recovery
objectives;

Whenever possible, leverage potential
synergies between new and existing
data, research, and monitoring efforts,
and associated resources;

Coordinate RASP implementation and
monitoring activities with RASP
partners and other stakeholders, in
ongoing efforts to inform adaptive
management and ensure efficiencies in
range-wide tortoise management.

Section 1. Review of existing data on RASP monitoring metrics

First, we reviewed and summarized existing datasets and products, focusing on data sources from the
RASP focal areas that support core population-level monitoring metrics outlined in the Implementation
Plan: adult and juvenile survival rates; reproductive success (e.g., number of eggs produced); tortoise
abundance, proportion of juveniles, area occupied, and tortoise density.

The four main sources of existing MDT monitoring data that are directly relevant to the RASP focal areas
and objectives include: (1) line distance sampling (LDS) data collected by the USFWS Desert Tortoise
Recovery Office (DTRO) from 2000 to present; (2) data collected in relation to DOD expansions at Fort
Irwin National Training Center (Fort Irwin) and Twentynine Palms Marine Corps Air Ground Combat
Center (MCAGCC) and associated translocation efforts; (3) data regarding juvenile growth and survival
from the Tortoise Research and Captive Rearing Site (TRACRS) at MCAGCC; and (4) demographic data
from long-term BLM/USGS study plots in the Western Mojave. These datasets could help inform
baseline estimates of core tortoise population metrics outlined above, while some continue to be
collected and may also help inform ongoing population trends within RASP focal areas.




Additionally, these types of data can be used to identify key drivers of observed tortoise population
trends, thus serving as targets both for management and effectiveness monitoring. Our review
identified important gaps in available information, highlighting needs for additional data collection.
These needs include supplemental data collection or adjustments to monitoring protocols to increase
the statistical robustness of available data, as well as additional data types and monitoring efforts that
would augment existing data and monitoring.

Section 2: Population-level monitoring guidance to support RASP objectives

Recommendations for monitoring MDT population dynamics have been previously described in detail
(DTRPA 2004; USFWS 2011). Tracking progress toward MDT recovery goals (e.g., demography,
distribution, and habitat) to determine whether the species can eventually be delisted requires multi-
faceted, multi-scale monitoring. Because individual monitoring methods are unable to capture data
linked to all life stages of interest, a combination of methods is recommended to develop a monitoring
program that can quantitatively track progress towards recovery goals.

Considering the RASP priority strategies and relevant monitoring methods described above, we
developed a series of recommendations to guide the RASP monitoring plan, which are intended to
provide sufficient guidance for a monitoring program to be developed and implemented in the field,
once key details have been confirmed by RASP partners.

Guiding principles for RASP population monitoring include:

e Incorporate multiple monitoring metrics to provide holistic, population-level inferences;

e Ensure robust spatial coverage of monitoring efforts;

Include sufficient replication of monitoring sites/plots;

e Select monitoring sites using a randomized sampling design (to the extent practicable) to ensure
statistical robustness of data;

Balance statistical robustness with efficient use of limited funding and personnel.

For RASP population monitoring, we recommend a nested, multi-method approach to collect the
required data for estimating key metrics needed to robustly monitor MDT demographic rates and
population viability at relevant time scales (i.e., multiple tortoise generations). To do this, we
recommend:

1. Using the long-term, LDS program coordinated by the USFWS as the foundational monitoring
component to continue collecting information on tortoise densities for multiple strata;

2. Implementing standardized (ideally telemetry-based, known-fate) capture-mark-recapture surveys
within an array of demographic monitoring plots to collect data on survival and juvenile
recruitment, and;

3. Targeted monitoring of reproductive output and success within the same demographic study plots.

In summary, the RASP monitoring plan should focus resources on long-term demographic study plots to
track tortoise vital rates, while leveraging ongoing, established LDS surveys to continue monitoring
tortoise densities; explore options to co-locate new demographic study plots relative to randomized
locations of LDS transect surveys; consider re-initiating monitoring efforts at historic demographic study
plots (in addition to new, randomly placed plots) to allow for the possibility of important, long-term time
series and trend analyses, should historic datasets become available.



Section 3: Effectiveness monitoring guidance

Effectiveness monitoring is used to measure how successful management actions are at achieving
specific restoration or recovery objectives, and to inform adaptive management to increase their
effectiveness, where required. Adaptive management of MDT recovery actions should focus on
objectively quantifying effectiveness of management actions towards achieving specific, measurable
outcomes (Kareiva et al. 1999). Ultimately, to provide meaningful, actionable information, effectiveness
monitoring of RASP implementation priorities should focus on short-term indicators that are linked to
longer-term tortoise recovery goals and objectives. Because decadal time periods required for MDT and
their habitats to respond to recovery actions are typically much longer than recovery planning and
implementation time horizons, RASP recovery priorities should be designed, implemented, and
evaluated for success within short- to medium-term (<10 yr) periods, to inform adaptive management
decision-making. We also recommend that the RASP coordinator seek to take advantage of potential
synergies between different implementation priorities.

Key considerations for the RASP’s effectiveness monitoring include:

e Use readily available, established protocols for monitoring short-term effectiveness of management
activities targeting MDT and their habitats;

e Focus on objective, standardized measures of tortoise recovery indicators;

e Be grounded in statistically robust comparisons of treatments vs. controls;

e Leverage potential synergies between new effectiveness monitoring efforts and existing research
and monitoring efforts, whenever possible;

e Facilitate regular communication of new monitoring information and findings to RASP decision-
makers and resource managers to inform adaptive management.

Effectiveness monitoring of habitat restoration efforts should be designed to evaluate the degree to
which restoration activities recover ecosystem function and community structures similar to those of
intact reference sites, by tracking specific habitat indicators (Herrick et al. 2005; Esque et al. 2021).
Habitat suitability, connectivity, and occupancy metrics could be used by RASP managers to track
successful habitat restoration over time. In the shorter term, monitoring of metrics such as tortoise
presence, density, and occupancy in RASP implementation areas could allow evaluation of whether
habitat is effectively ‘converted’ from unsuitable/unoccupied to suitable/occupied, or vice versa.

Reducing sources of mortality, particularly on late-stage individuals (i.e., adults and subadults), is the
most effective way to reverse population declines of long-lived species like desert tortoises (Doak et al.
1994; USFWS 2011). Tortoise mortality—specifically of larger, older individuals—resulting from collisions
with vehicles on highways as well as off-highway routes is a well-documented factor hindering recovery
in the Mojave Desert (USFWS 2011). Thus, highway fencing and OHV closures have been identified as
RASP implementation priorities to promote MDT recovery.

In the case of highway fencing, effectiveness monitoring of short-term success is essentially equivalent
to implementation monitoring. That is, if installed properly and remaining in place, fencing will provide
the expected benefits of reducing (effectively eliminating) tortoise mortality from collisions. Targeted
monitoring efforts could also be established before and after installation of highway fencing to
document potential short-term changes in presence and density of tortoises in adjacent habitats. Unlike
fencing, attempts to close OHV routes are often stymied by continued incursions and trespassing,
making the initial closure itself a challenging prospect. Thus, effectiveness monitoring of OHV route
closures requires a two-step approach of first confirming the short-term persistence of the closure (< 2



months), and then evaluating the longer-term success of ecological restoration within the closed route
or area (from 6 to = 24 months after implementation).

To guide population augmentation efforts (head-starting and translocations), the USFWS strategy
(2021a) recommends several criteria be addressed when identifying augmentation sites, such as
depleted recipient tortoise population density, presence of suitable habitat, no evidence of disease, and
compatible management with continued tortoise occupancy (see USFWS 2020 for complete list). The
strategy also summarized several success criteria to measure progress of translocation projects dealing
with survival and growth of released and resident individuals, evidence of reproduction in released and
resident individuals, population growth, and viable population.

Finally, it is important to acknowledge that the impacts of multiple, simultaneous threats and their
relative influence on tortoise populations are still poorly understood (USFWS 2011, 2021b); these
uncertainties can hinder or confound interpretation of monitoring results.

Section 4: Data management Plan

Well-planned, effective data management is a critical step to providing relevant, useful data to support
MDT adaptive management and recovery. Data management plans are common components of any
conservation program that aims to collect and organize data for purposes of analysis and interpretation.
Key considerations for RASP monitoring data management include:

e Before data design or collection begins, a critical first step is to identify clear monitoring objectives,
metrics, and statistical or analytical needs;

e All phases of data management should be carefully designed to meet specific monitoring objectives
and needs;

e Follow standardized data collection and management protocols, ensuring newly generated data can
be integrated with existing monitoring data;

e Work closely with existing data custodians to Identify how data should be consolidated and
uploaded to federal repositories.

USFWS (2015) described distinct phases in a well-constructed data management process, from initiating
data collection to finalization of data products. We recommend the following steps for RASP monitoring
data management, which follow general data management guidance from USFWS (2015):

1. Data Design: Determine data fields, types, and formats, including QA/QC protocols, based on
specific objectives, metrics, and analytical needs;

2. Data Collection and Delivery: Ensure field data are collected in line with established protocols, and
verify data are entered correctly and completely (initial QA/QC by project leads); data then shared
with NFWF, the RASP coordinator, and distributed to appropriate federal databases

3. Data Integration: RASP coordinator compiles and combines data from multiple sources into a
master database, ensuring data are correctly copied or imported via additional QA/QC;

4. Data Finalization: Generate final data products and make them available to RASP partners.

For habitat restoration data, we recommend that RASP data be included in the BLM California Desert
District (BLM CDD) habitat restoration database (Fig. 4.3). The BLM CDD database is designed to collate
route disturbance and treatment data (including revisits for monitoring purposes) for sites across the
CDD, which encompasses the RASP focal areas. We recommend that new demographic and reproductive
output data, as well as data from highway fencing projects, be shared directly with the USFWS DTRO.



Role of RASP coordinator

Dedicated personnel, in the form of a RASP coordinator, is critical to ensuring that the RASP plans are
followed, that projects are implemented and monitored successfully and in support of RASP and MDT
Recovery Plan priorities, and that information generated the RASP program is efficiently collected,
compiled, shared, and analyzed. We summarize the specific responsibilities of a RASP coordinator with
respect to the monitoring plan sections.

Existing data and information

e Create and maintain lines of communication with key data collectors, researchers, and managers

e Extract published estimates to generate baselines for key monitoring metrics

e Establish a system for updating baseline values and collate new data collected in study plots
developed within RASP monitoring program

e Develop data use/sharing agreements with custodians of relevant datasets, where needed

Methods and design of monitoring activities to support RASP objectives

e Maintain communication with other monitoring program managers and researchers to ensure RASP
monitoring initiatives complement existing monitoring efforts

e Ensure new RASP monitoring efforts incorporate vetted protocols and a robust study design

o Verify that RASP monitoring data will be relevant for tracking progress towards MDT recovery goals
across multiple time scales, including short-, mid-, and long-term objectives

Opportunities for effectiveness monitoring and adaptive management

e Develop an adaptive management strategy that incorporates monitoring metrics for each recovery
priority, establishes pre-planned ‘trigger’ points where decisions should be made regarding changes
to project implementation, and integrates across priorities to deliver a coherent, program-wide plan

o Facilitate the transfer of information gained through effectiveness monitoring to decision-makers
and resource managers

e Facilitate annual RASP-partner meetings for evaluation and adaptive management decisions

Data management

e Oversee the appropriate design of field data collection protocols and data QA/QC

e Develop data sharing mechanisms with project Pls, and oversee construction of a master database
for population monitoring and effectiveness monitoring data

e Facilitate the flow of data from the field to a common RASP-specific database, and then to key data
custodians of related central databases (depending on the project and data type), on a regular basis



Box 0.2. Summary of guiding principles and recommendations for each section of the RASP monitoring plan.
Section 1: Existing data
The four main types of monitoring data that exist to support RASP’s population monitoring metrics include:
e line distance sampling (LDS) data managed by the USFWS Desert Tortoise Recovery Office (DTRO);
e data collected in relation to translocation efforts, e.g., at Fort Irwin, Marine Corps Air Ground Combat Center
(MCAGCC);
e data regarding juvenile growth and survival from the Tortoise Research and Captive Rearing Site (TRACRS) at
MCAGCC; and;
o demographic data from long-term study plots in the Western Mojave.

Section 2: Population-level monitoring
e Incorporate multiple monitoring metrics to provide holistic, population-level inferences;
o Ensure robust spatial coverage of monitoring efforts;
e Include sufficient replication of monitoring sites/plots;
o Select monitoring sites using a randomized sampling design (to the extent practicable) to ensure statistical
robustness of data;
o Balance statistical robustness with efficient use of limited funding and personnel.
e For population monitoring strategy:
1) Use the long-term, LDS program coordinated by the USFWS as the foundational monitoring component to
continue collecting information on tortoise densities for multiple strata;
2) Implement standardized (ideally telemetry-based, known-fate) capture-mark-recapture surveys within an array
of demographic monitoring plots to collect data on survival and juvenile recruitment, and;
3) Use targeted monitoring of reproductive output and success within the same demographic study plots.

Section 3: Effectiveness monitoring
o Use readily available, established protocols for monitoring short-term effectiveness of management activities
targeting Mojave desert tortoises and their habitats;
o Focus on objective, standardized measures of tortoise recovery indicators;
e Be grounded in statistically robust comparisons of treatments vs. controls;
e Leverage potential synergies between new effectiveness monitoring efforts and existing research and monitoring
efforts, whenever possible;
o Facilitate regular communication of new monitoring information and findings to RASP decision-makers and
resource managers to inform adaptive management.
o For highway fencing, implementation monitoring is effectiveness monitoring, so ensure fencing installed properly
e For OHV route closures, a two-phased approach is needed
1. Short-term (< 2 months of implementation) compliance monitoring to confirm that implemented measure still
in place, and route has been closed
2. Longer-term (> 6-24 months) ecological monitoring to confirm recovery of habitat structure and function.

Section 4: Data management

1. Data Design: Determine data fields, types, and formats, including QA/QC protocols, based on specific objectives,
metrics, and analytical needs, relying (as appropriate) on available USFWS templates;

2. Data Collection and Delivery: Ensure field data are collected in line with established protocols, and verify data are
entered correctly and completely (initial QA/QC by project leads); data then shared with NFWF, the RASP
coordinator, and appropriate databases

3. Data Integration: RASP coordinator compiles and combines data from multiple sources into a master database,
ensuring data are correctly copied or imported via additional QA/QC;

4. Data Finalization: Generate final data products and make them available to RASP partners.




Introduction: RASP Implementation Plan and Purpose of
Monitoring Plan

The Department of Defense and Department of Interior (DOI) signed a Memorandum of Understanding
(MOU) to establish the Recovery and Sustainment Partnership (RASP) initiative to develop species
conservation and recovery initiatives and provide increased flexibility for military missions. Here, we
present a range-wide monitoring plan in support of the RASP Implementation Plan for the federally
threatened MDT, currently being developed by the National Fish and Wildlife Foundation.

The overall objective of the RASP monitoring plan is to promote effective coordination among agency
personnel involved in data collection and analysis efforts as well as improved guidance on prioritizing
MDT management options. The RASP monitoring plan is intended to support efforts by management
agencies and key stakeholders in MDT conservation—but specifically the RASP—to effectively monitor
MDT population responses to human activities and conservation interventions in a single, coherent,
framework across RASP focal areas (see map below).
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The RASP monitoring plan is designed specifically to support evaluation of RASP short- and medium-
term objectives as described in the Implementation Plan:

e Short-term objectives:

- Construct 32 miles of MDT exclusion fencing along high-priority highways in the western
Mojave Desert

- Rehabilitate unauthorized routes of travel in the identified recovery focal areas to establish
and expand 50 defensible polygon units

- Protect and restore up to 250,000 acres of habitat in identified recovery focal areas

e Medium-term objectives

- The focal area populations have an increasing rate of adult survival, reproductive success,
and juvenile recruitment that is statistically greater than those measured at reference sites
outside focal areas for a period of 5 years

- MDT density in the focal areas is above minimum viable density (3.9 tortoises per km?) for
a period of 5 years

- The proportion of juvenile MDT in focal area populations is statistically greater than those
measured in reference sites outside of focal areas increases for a period of 5 years

The Implementation Plan will guide future investments to achieve targeted conservation goals for the
MDT and its habitat in California’s Mojave Desert. The RASP priority strategies include:
1. MDT habitat improvement
1.1.  Establish defensible polygons of MDT habitat
1.2. Improve desert tortoise habitat on protected lands
2. Support road crossing improvements
2.1.  Construct or repair exclusion fencing along roads
2.2. Install or improve culverts, underpasses or overpasses
3. Augment depleted MDT populations
3.1. Head-starting and reintroduction
3.2.  Translocation
4. Increase capacity for project implementation and data management
4.1. Create a RASP Coordinator position
4.2. Support regulatory compliance
4.3. Support data collection and data management
5. Monitoring
5.1. Species monitoring
5.2. Improve understanding of recovery action effectiveness
5.3.  Host annual stakeholder meetings
5.4.  Assess and revise Planin years 3, 5, and 8

The RASP priority monitoring and adaptive management metrics described in the Implementation Plan
are:

Adult tortoise survival rate

Reproductive success (eggs femalelyear?)
Juvenile recruitment (females/female/year)
Proportion of juveniles

e Tortoise density (tortoises/km?)

e Number of sites being monitored



This RASP monitoring plan was designed to provide guidance about how best to support evaluation of
successful implementation of RASP priority strategies using the defined population metrics as well as
metrics for project-level effectiveness monitoring. The monitoring plan is organized into four principal
sections, which are summarized below: 1) review of existing data on RASP monitoring metrics, 2)
guidance on population-level monitoring methods and study design, 3) opportunities and guidance for
effectiveness monitoring, and 4) data management. The final section of this plan describes the potential
role and responsibilities of a RASP Coordinator.
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1. Review of existing data on RASP monitoring metrics

1.1. Overview

As a first step in the development of a monitoring plan in support of the RASP MDT Implementation
Plan, we performed an in-depth review of relevant data sources that could support establishment of
Implementation Plan baselines and effectiveness monitoring of tortoise recovery actions. Here, we
summarize key findings from this review of existing data sources, appropriate applications of these data,
their statistical robustness and availability to the RASP.

Specifically, we reviewed existing data sources that could provide baseline values for key population-
level monitoring metrics, data collection programs that may continue to provide relevant data, and gaps
in potential baseline and existing data that would need to be filled to support RASP monitoring
objectives. In Table 1 below, we summarize a number of existing MDT datasets and products relevant to
the Implementation Plan priorities and associated monitoring objectives, focusing on data sources from
the RASP focal areas that support core population-level monitoring metrics outlined in Table 4 (Strategy
5) of the Implementation Plan: adult and juvenile survival rates; reproductive success (e.g., number of
eggs produced), proportion of juveniles/juvenile recruitment, tortoise density, and area occupied. In
Appendix A, we provide additional details regarding these data sources, as well as additional data
sources outside of the RASP focal areas.

The four main sources of existing MDT monitoring data that are directly relevant to the RASP focal areas
and objectives include: (1) LDS data collected by the USFWS DTRO from 2000 to present; (2) data
collected in relation to DOD expansions at Fort Irwin and MCAGCC and associated translocation efforts;
(3) data regarding juvenile growth and survival from the Tortoise Research and Captive Rearing Site
(TRACRS) at MCAGCC; and (4) demographic data from long-term BLM/USGS study plots in the Western
Mojave. These datasets could help inform baseline estimates of core tortoise population metrics
outlined above, while some continue to be collected and may also help inform ongoing population
trends within RASP focal areas.

Additionally, these types of data can be used to identify key drivers of observed tortoise population
trends, thus serving as targets both for management and effectiveness monitoring. Our review allowed
for identification of important gaps in available information, highlighting needs for additional data
collection. These needs include supplemental data collection or adjustments to monitoring protocols to
increase the statistical robustness of available information, as well as additional data types and
monitoring efforts that would augment existing data and monitoring.
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1.2. Existing MDT monitoring data sources within RASP focal areas

Table 1.1. Summary of key data sources within the RASP focal areas: target monitoring metrics, data
sources and custodians, focal geographies, static vs. ongoing data sources, time periods, data availability
and schedule of data release, if applicable. (See Appendix, Table A1-A3) for further details regarding these
data sources in addition to supplemental data sources from outside the RASP focal areas.

Target . . .
. Data source Focal Static or Time periods v
monitoring (Custodian) eograph ongoing? (Publications) Availability
metrics EEQEERRY E
1997-2003
Fort Irwin (Berry et al. 2006)
Translocation Fort Irwin, Static 2006-2008 published estimates
i ubli i
Project CA (Esque et al. 2010)
(DOD) 2008-2011 (Walde and
Boarman 2013)
mcaGCe 020 cetspublished 4 TG
ubli i
Translocation MCAGCC, Oneoin 2017-present svm osiur':abstracts
Project CA O8I (Henen et al. 2019, 2020, 2021) | 2Y™MP:
*Additional analyses
Adult and (DOD) i
juvenile currently in progress
survival rates Fort Irwin and Fort Irwin,
MCAGCC Head- A Ongoin 2005-present Published estimates
starting Program | MCAGCC, OINE | (Nagy et al. 2015, 2020)
(DOD) CA
1976-2013; *different plots
Long-term Various Some cover different time periods
tortoise locations static (e.g., Berry 1984, Berry & Some estimates published
demographic within some’ Christopher 2001, Berry & Yee | for some sites; NOT publicly
plots Western ongoin 2021, Christopher et al. 2003, available
(USGS-CA) Mojave 8ONE | Berry et al. 2006, 2020, Lovich
etal. 2014)
Desert
UCLA egg study Tortoise . 1992-1993 . .
Static Published estimates
(with USGS) Natural (Wallis et al. 1999)
Area, CA
) Fort Irwin .
Reproductive . Fort Irwin, . 2008-2011; (Walde and
translocation Static Egg numbers
success . CA Boarman 2013)
project
(# of eggs)
Egg numbers and emergence
Fort Irwin and Fort Irwin, sicgcess ublished for &
MCAGCC Head- CA . 2005-present P .
. Ongoing MCAGCC; additional data
starting Program MCAGCC, (Nagy et al. 2020) mav be available for Fort
(DOD) CA y
Irwin, upon request
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Table 1.1, continued.

Target
morg'nitorin Data source Focal Static or Time periods Availabilit

R & (Custodian) geography ongoing? (w/ References) v
metric

2000- t

. . . presen . Published estimates; data
Tortoise Various (Allison & McLuckie 2018; . .

. . . . publicly available;
density; USFWS Line locations DTRO reports online)

Distance Range-wide b Surveys conducted Mar-

3 . & . 4 Ongoing . May; Annual reports
Proportion of | Sampling Tortoise other estimates may be available Feb-Jun the
juvenile (DTRO) Conservation generated, such as abundance following vear: Trend
tortoises Areas and potentially proportion of g year;

. . analyses every ~5 years
juveniles
BLM range- Range-wide . .
Estimates available upon
, wide MDT coverage, by 2000-2020 e up
Tortoise . . . . request; peer-reviewed
occupancy Tortoise Static (Kissel et al. <in prep>) 7
occupancy . publication and web-tool
model Conservation currently being developed
(BLM, CSP) Areas Y € P
Fort Irwin 1997-2003
Translocation . . (Berry et al. 2006) . .
Fort Irwin, CA Static Published estimates
Project 2006-2008
(DOD) (Esque et al. 2010)
MCAGCC Proportion of juveniles not
Translocation 2019-present currently published but may
Proportion of ) MCAGCC, CA Ongoing P be generated from original
i i Project (Henen et al. 2019, 2020, 2021) .
juvenile (DOD) data, or potentially by data
tortoises custodians, by request
Long-term 1976-2013; different plots
g, cover different time periods . .
tortoise . Some estimates published
demographic Various Static (e-g., Berry 1984, Berry & for some sites; NOT publicl
lots grap locations Christopher 2001, Christopher available ! P y
P et al. 2003, Berry et al. 2006,
(USGS-CA) 2020)

1.3. Summary of existing data and potential applications for RASP monitoring

We identified existing datasets and publications that provide estimates of potential population-level
monitoring metrics for the RASP focal areas (Table 1.1). In particular, the DTRO’s line-transect monitoring
protocol provides a robust foundational dataset that permits estimation of tortoise densities and
occupancy at multiple scales (e.g., Allison and McLuckie 2018), including the RASP focal areas (Fig. 1.1).
Proportion of juvenile to adult tortoises could also potentially be approximated from this data set, based on
rough size class estimates (<180 mm carapace length considered juveniles, >180 mm considered adults);
however, this may be a challenging metric to extract from these data given the LDS surveys are not
specifically designed to monitor this population metric. These DTRO LDS data are publicly available from
2000-present and are summarized in annual reports. However, analyses of density trends within recovery
units and range-wide are performed approximately every five years (e.g., Allison and McLuckie 2018).
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https://www.fws.gov/nevada/desert_tortoise/dtro/dtro_monitor.html
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Figure 1.1. MDT observations from USFWS Line Distance Sampling (LDS) within RASP focal areas.

While trends in tortoise densities generated by LDS surveys provide important information for monitoring
MDT populations, other metrics are needed to understand underlying dynamics of population trends, such
as vital demographic rates (e.g., reproductive success, survival). At the level of the RASP focal areas, two of
the most important datasets currently available are those collected in relation to the 2008 Fort Irwin
expansion and associated tortoise translocation effort (Esque et al. 2010; Walde and Boarman 2013) and
the ongoing tortoise translocation effort associated with the MCAGCC expansion (see Fig. 1.2; Henen 2021;
Nagy et al. 2020). Post-translocation monitoring at both Fort Irwin and MCAGCC have generated estimates
of adult and juvenile survival for translocated, resident (i.e., tortoises already present in recipient areas to
which tortoises were translocated), and control groups (i.e., tortoises present in areas adjacent to recipient
areas). Esque et al. (2010) also provide summary data on tortoise survival in areas outside of Fort Irwin for
2006-2008 for comparison with survival data collected in association with the translocation, and Berry et al.
(2006) provide pre-translocation information about tortoise density and mortality data from 1997-2003 for
Fort Irwin. Long-term research on juvenile growth and survival is also being conducted at the head-start
facility known as the Tortoise Research and Captive Rearing Site (TRACRS) at MCAGCC (Nagy et al. 2020), in
addition to associated head-starting efforts at Fort Irwin (Nagy et al. 2015).

Other important demographic data have been collected by the Bureau of Land Management and U.S.
Geological Survey (USGS) periodically since the 1970s at long-term, permanent study plots in the CA
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Western Mojave (n=16), approximately 8 of which are located within or adjacent to the RASP focal areas
(Fig. 1.2). While these data are not currently available for outside research, several publications have
described data collected at some of these plots, and some metrics could be extracted to support the
establishment of baselines for monitoring the implementation of RASP strategies (Berry 1984; Berry and
Yee 2021; Berry et al. 2020; DTRPAC 2004; Lovich et al. 2014). However, these data have some limitations
for robust statistical estimates of key metrics, such as density and survival. For example, the study sites
were not selected randomly across tortoise range, and frequency of data collection events varies widely
among plots, including cessation of data collection in some plots as tortoise presence appeared to decline
(DTRAPC 2004). Thus, it is likely that new efforts will be needed to collect sufficient data to generate robust
estimates of these monitoring metrics, perhaps on existing plots and/or on new plots within the RASP focal
areas.
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Figure 1.2. Permanent Study Plots where long-term demographic data have been collected (yellow circles
with black dots), and MCAGCC translocation sites (control areas = purple, recipient areas = brown) relative
to RASP focal areas.

Outside of the RASP focal areas, additional datasets exist that provide estimates of these (and other)
monitoring metrics (Table A2). For example, data from other translocation studies in CA (e.g., Dickson et al.
2019) and NV (e.g., Nussear et al. 2012; Nafus et al. 2017) and additional long-term study plots in NV
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(n=23), AZ (n=7), and UT (n=3) may still be relevant in development of baseline estimates of range-wide
demographic and vital rates, against which future data could be compared (Table A2, A3).

Lastly, numerous versions of various environmental and anthropogenic covariate datasets are also
available, depending on relevant spatial and temporal scales.

1.4. Processes and schedules to obtain existing monitoring data

Data identified as relevant for establishing baselines and for effectiveness monitoring for the RASP
Implementation Plan currently exist in different forms. For example, the USFWS LDS data are collected
annually (using the same methodology since 2004), densities and other results are summarized in annual
reports, and density trend analyses at range-wide and recovery unit scales are performed approximately
every five years. Data collection at MCAGCC is ongoing since 2019, and results are summarized in abstracts
presented at the Desert Tortoise Council Symposium (Henen et al. 2019; 2020; 2021). We note that the
survival data associated with the Fort Irwin translocation were collected in 2006-2008 (Esque et al. 2010)
and 2008-2011 (Walde and Boarman 2013) and other density data were reported from 1997-2003 (Berry et
al. 2006), but there are no additional data available for this area. Future translocation efforts associated
with further expansion of Fort Irwin will generate new data on adult and juvenile survival and possibly
other metrics. Finally, long-term demographic plot data are available for some plots within RASP focal areas
in published reports and papers, but are largely unavailable at the moment.

1.5. Key gaps in information needed to track RASP monitoring metrics

While we identified several existing data sources that could help inform important baseline estimates for
key population metrics, some of which may continue providing relevant data, we also identified gaps in
available information and needs for additional data collection.

Long-term data is particularly important for monitoring this species, given the long lifespans of desert
tortoises (~50 years in the wild), delayed reproductive maturity (12-20 years in females), and relatively low
annual fecundity (Turner et al. 1986; Medica et al. 2012). Tortoise detection rates also vary widely with
annual fluctuations in rainfall (Freilich et al. 2000), and wide variance in population density estimates over
relatively short periods of time can make evaluation of population trends difficult for this species (Doak et
al. 1994). Thus, while monitoring efforts should have clear objectives to meet current management needs,
tortoise surveys should also be designed to provide useful information over longer periods of time that are
biologically meaningful for this species (i.e., 25-50 years; DTRPA 2004). As such, new monitoring efforts will
benefit from leveraging methods and protocols comparable to those employed by historic and current
monitoring efforts, which may enable longer-term assessments of MDT population trends, over time.

The most consistent source of long-term, range-wide monitoring data is LDS data collected and provided by
the USFWS DTRO, from 2000 to present (e.g., Allison and McLuckie 2018). Although this is a valuable
monitoring program that offers 20+ years of data on tortoise densities and population trends, LDS surveys
focusing primarily on tortoise density and abundance and may fail to capture important information about
demographic processes (e.g., survival rates for multiple size/age classes, recruitment, reproductive output)
that could determine population viability over time (Heppell 1998).

Although there are some existing monitoring data sources of tortoise demographic rates, such as those
associated with translocation efforts at Fort Irwin and MCAGCC, these data are limited in both spatial and
temporal coverage. Additional demographic data have been collected at long-term USGS study plots
distributed throughout the MDT range; however, we identified several potential issues with the long-term
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study plots in CA, including lack of access to original data, underlying (non-random) sampling design, and
inconsistency in data collection at these plots over time.

Thus, new efforts to monitor tortoise demographic metrics, using a statistically robust sampling design and
conducted consistently over longer periods of time, would bolster understanding of tortoise population
trends and augment existing data and monitoring efforts. New demographic monitoring efforts in the RASP
focal areas would ideally include mark-recapture protocols that allow for the estimation of survival and
growth rates for multiple life stages as well as reproductive output. Such monitoring efforts might be
conducted within established demographic plots in hopes of eventually being able to add new data to
existing data collected on those plots over the long-term (i.e., since the 1970s) for analyses of time series
datasets on key demographic parameters. These additional efforts are needed to verify the medium- and
long-term efficacy of management actions and conservation investments outlined in the Implementation
Plan. Additional details about monitoring guidance will be provided in the next section.

1.6. Role of RASP coordinator

Compiling existing information and ensuring that such information is updated for the RASP Implementation
plan is a key role for a potential RASP coordinator. Specific responsibilities of a RASP coordinator might also
include:

e® Creating and maintaining lines of communication with key data collectors, researchers, and
managers;
e Extraction of published estimates to generate baselines for key monitoring metrics;

e Establishing a system for updating baseline values and collating new data collected in study plots
developed within RASP monitoring program;

e Developing data use/sharing agreements with custodians of relevant datasets, where needed.

17



2. Population-level RASP monitoring guidance

2.1. Overview

Recommendations for monitoring MDT population dynamics have been previously described in detail
(DTRPA 2004; USFWS 2011). The recovery goals for MDT include specific criteria on demography,
distribution, and habitat. Tracking progress toward these goals over time to determine whether the
species can eventually be delisted requires multi-faceted, multi-scale monitoring (USFWS 2011). For
example, the 2011 Recovery Plan describes the need for monitoring multiple life stages to understand
population dynamics and identify stage-specific management opportunities, rather than focusing solely
on a single index (e.g., adult density). In particular, the 2011 Recovery Plan—echoing conclusions from
the 2004 assessment (DTRPA 2004) of the initial Recovery Plan (USFWS 1994)—recommended
combining inferences from long-term line-transect monitoring that provide adult density estimates with
long-term demographic plots that would provide vital rate estimates.

The monitoring guidance provided here is intended to address these priorities by describing a
conceptual framework for holistic population monitoring, relevant monitoring methods, and
recommendations about key principles and overall structure for a RASP MDT monitoring program.

2.2. Conceptual framework for holistic population monitoring

A conceptual framework encompassing the major life stages of tortoises (Fig. 2.1) illustrates how data
collected using a variety of monitoring methods may combine to capture all priority population metrics
in support of the overall RASP objectives. Because individual monitoring methods are unable to capture
data linked to all life stages of interest, a combination of methods is recommended to develop a
monitoring program that can quantitatively track progress towards recovery goals.

For example, ongoing LDS surveys conducted by the USFWS DTRO within RASP focal areas can be
leveraged to estimate adult tortoise densities and, potentially, the proportion of juveniles in the
population. New demographic monitoring efforts in the RASP focal areas would ideally be implemented
using a standardized demographic plot design, including mark-recapture protocols that allow for the
estimation of survival and growth rates for multiple life stages. Radio-tracking females and X-ray exams
of clutch size would provide additional data on egg production and reproductive success. These
additional efforts are needed to monitor the medium- and long-term efficacy of management actions
and conservation investments for this long-lived species, as outlined in the Implementation Plan.

Such monitoring efforts could also be reinitiated within the handful of established demographic plots
within RASP focal areas, in hopes of eventually being able to integrate new data with existing data
collected at those plots over the long-term (i.e., since the 1970s) for time series analyses of key
demographic metrics. However, new demographic study plots should be established using a randomized
sampling design (to the extent feasible) to increase statistical robustness of demographic monitoring
data, moving forward.
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Metric: Survivorship
Methods: standardized capture-mark-recapture surveys, telemetry

Metric: Tortoise density
Methods: line-transect monitoring

Metric: Reproductive success
Methods: standardized surveys, telemetry,
thread-trailing, x-rays

Metric: Juvenile
recruitment

Methods: standardized
surveys, telemetry,
predation rates

Eggs Hatchlings

Figure 2.1. Conceptual framework for monitoring key population metrics to provide a holistic population monitoring program.

Juvenile
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2.3. Relevant monitoring methods

In the following sections, we describe in greater detail
relevant monitoring methods (Box 2.1) and existing datasets
followed by a series of monitoring guidelines for study design
and survey protocols to estimate priority population metrics,
in support of RASP objectives.

2.3.1. Line Distance Sampling

Ongoing, established LDS surveys conducted annually by the
USFWS DTRO can be leveraged to establish baselines and
continue monitoring tortoise densities in RASP focal areas.
The LDS program was initiated in 2000 and has been
conducted using consistent methods across the MDT range
since 2004 (Allison and McLuckie 2018). This program was
designed to generate statistically robust estimates of tortoise
densities at multiple strata, namely at the level of Tortoise
Conservation Areas (TCAs) or Critical Habitat Units and
Recovery Units (Burnham and Anderson 1996), in support of
recovery objectives and criteria (USFWS 1994; 2011).

Box 2.1. Summary of relevant
monitoring methods:
1. Line-distance sampling (LDS)
transect surveys >>
e Tortoise density, (potentially)
proportion of juveniles
2. Capture-mark-recapture (CMR)
surveys >>
e Survival rate, juvenile
recruitment, proportion of
juveniles
3. Radio-tracking females and X-ray
exams of clutch size >>

e Reproductive success

From 2004 to 2006, LDS transects were randomly placed throughout TCAs across the MDT range;
starting in 2007 transects were systematically sited to cover each TCA, with a random subset of these

monitored annually. The square-shaped transects are 3-km on each side, with field monitors recording
observations of live tortoises (as well as dead tortoises and tortoise sign) along the line transects and at
estimated distances from the line itself. Transect surveys are conducted in the morning and completed
before the hottest time of day, between mid-March and the end of May each year. LDS is a standard
wildlife monitoring technique with well-established estimation procedures, which are embedded in the
LDS program’s training, oversight, and data analyses (USFWS 2019).

This ongoing monitoring effort has produced annual adult tortoise density estimates and trends for TCAs
and recovery units since 2004, which show continuing declines in tortoise densities in all but one
recovery unit (Allison and McLuckie 2018). However, the characteristics of the LDS method that make it
the established approach for estimating densities—i.e., randomized transect location, consistent
monitoring effort along established transects, observations made at estimated distances from line
transects—are also what make this method inadequate for mark-recapture-type analyses, or for
observing large numbers of cryptic juveniles. For example, tortoises that are observed during transect
surveys are marked (i.e., a unique number identifier is glued to a carapacial scute), but the number of
recaptures has been too low to permit survival estimates. On any given line transect survey, observers
have roughly a 50% chance of encountering a tortoise (L. Allison, pers. comm.). Similarly, juvenile
tortoises are observed during transect surveys, but not in sufficient numbers to generate juvenile
density estimates. Rather, an alternative metric of juvenile population trends—the proportion of
observed tortoises that are juveniles—has been presented (Allison and McLuckie 2018).

The USFWS LDS program is vital for monitoring the MDT population and for tracking management
progress toward established recovery goals for the species. However, as currently implemented, the LDS
program only produces adult tortoise density estimates, and does not provide inferences about drivers
of the observed densities and estimated trends, including underlying processes occurring within non-
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adult life stages. Thus, the LDS program is ‘bedrock’ for a robust MDT monitoring program, but
additional monitoring methods are necessary to provide insights about other life stages.

2.3.2. Capture-Mark-Recapture

Capture-mark-recapture (CMR) methods are another important tool in wildlife monitoring and
management. Individuals are given unique identifiers (e.g., external or internal tags, telemetry devices)
that allow researchers to construct individual capture histories. These capture histories can then be
used to assess vital demographic rates and population dynamics. CMR protocols are typically
implemented within an established study area or plot to ensure consistent data collection over time.

For MDT, examples of CMR methods include scute notching or marking and telemetry. As with many
turtle species, notches can be made on marginal scutes with a file, or in the case of juveniles, with
fingernail/toenail clippers (Berry 1974; 1975; Burge 1977). In the USFWS LDS program, field workers
epoxy numbered tags to a carapacial scute or sometimes apply more temporary markings to enable
recognition of a previously observed tortoise. To be clear, we do not advise using temporary marking
techniques since one of the fundamental assumptions of CMR is that marks are permanent. Another
CMR method incorporates telemetry, which has become more widely used for MDT as a method to not
only record detailed information on tortoise space use behavior, but also on survival over time (e.g.,
Nussear et al. 2012; Dickson et al. 2019; Henen et al. 2020).

CMR studies allow for several different types of measurements and information to be recorded in
support of multiple monitoring metrics. Some examples include basic location and behavioral
information; body size/condition and thus growth over time; repeated capture of individuals over time,
and causes of mortality, where possible. These types of data collected in a robust design framework
(Kendall et al. 1995) allow for the estimation of stage-, age-, and sized-based survival rates. CMR data
collection and analysis methods are extremely well-established in wildlife management, including MDT.
However, we note that CMR analyses are data intensive, and—to date—none of the existing long-term
demographic study plots in the Mojave Desert were designed to allow for the derivation of robust
survival estimates at multiple size- or age- classes (but see survival rates from Sonoran desert tortoise
[Gopherus morafkai] demographic plots; Zylstra et al. 2013; Campbell 2018). This is largely due to the
lack of long-term, consistent implementation of CMR surveys at these existing plots. Thus, CMR
approaches should be carefully considered and consistently implemented in the RASP monitoring
program, going forward.

2.3.3. Radio-tracking Females and X-ray Exams of Clutch Size

The above methods provide information for monitoring metrics such as tortoise density and survival
rates of juveniles and adults, but additional methods are needed to collect information about the
earliest life stages: eggs and hatchlings. Studies of MDT reproductive output and success require focused
observations of adult female tortoises, including X-ray analyses to confirm whether a female is gravid,
and if so, how many eggs she is carrying, as well as radio-tracking females to their nests and monitoring
egg incubation and survival of tortoise neonates (Turner et al. 1986; Wallis et al. 1999; Sieg et al. 2015).
Information on reproductive output (e.g., fecundity, embryonic survival) can also be obtained from
females whose eggs are collected for captive rearing and head-starting purposes (Nagy et al. 2015;
2020). Due to the cryptic location of tortoise nests, gathering information about reproductive output
and success requires resource- and time-intensive approaches. Additionally, there is concern that the
act of monitoring nests itself may attract potential predators to nest sites (B. Henen and A. Hebshi, pers.
comm.). Thus, careful protocols should be followed to reduce human scent trails and minimize time
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spent at nests (e.g., Bjurlin and Bissonette 2004). However, nest-monitoring efforts are important for
generating information about these early life stages, which complement information collected on older
life stages via methods described above.

2.4. Long-term demographic plots: history and study design recommendations

As mentioned above, the importance of establishing long-term demographic study plots in a holistic
MDT population monitoring program has been recognized previously (DTRPA 2004; USFWS 2011). The
focus of this approach is on comprehensive, standardized surveys of fixed areas to generate repeated
observations of individual tortoises over time, thus allowing estimation of vital demographic rates,
including survivorship and reproductive success.

2.4.1. USGS Long-term Study Plots

An array of long-term study plots was established in the 1970s across the MDT range in UT, AZ, NV, and
CA—including within the RASP focal areas in the Western Mojave. Many of these plots have been
monitored intermittently since being established, some of which have been monitored in the last ~10
years (Berry 1984; Berry et al. 202043, b). Of the 8 different Western Mojave plots established between
1976-1980%, 7 have been visited at least 5 times?, and 6 have been monitored at least once since 20053.
These plots have generated long-term information on tortoise presence, abundance, survival, and
causes of mortality (e.g., Berry et al. 2006; Berry et al. 202043, b, Berry and Yee 2021).

As the Desert Tortoise Recovery Plan Assessment committee pointed out, some methodological aspects
of these plots limit statistical applications of data collected (DTRPA 2004). Foremost among these issues
is the non-random nature of the selection and placement of plots on the landscape. Researchers used
plots of different shapes and sizes, plots were targeted for different purposes (i.e., some plots were non-
randomly selected for “management and scientific purposes”), and many plots were selected because
they hosted seemingly high abundances of tortoises when first evaluated.

Additionally, a variety of study designs and demographic survey methods were implemented over time
at the 8 plots established in the western Mojave between 1976-1980. Further, the methods used to
collect data in plots did not account for detectability of tortoises, plots were monitored inconsistently
over time, and monitoring ceased in some plots when tortoise numbers declined. Availability of the data
collected on these plots, as well as the frequency with which the plots are monitored, varies widely
among and within individual states. Nonetheless, these demographic plots represent the longest
existing time series of MDT mark-recapture data, and as such, should be considered of fundamental
value to MDT population monitoring. Re-initiation of MDT monitoring at 6-8 of these demographic plot
locations within RASP focal areas, if possible, would provide key data for long-term comparison with
historical data—if and when they become available.

! Desert Tortoise Natural Area (interior and visitor center), Fremont Peak, Fremont Valley, Johnson Valley, Kramer
Hills, Lucerne Valley, Stoddard Valley

2 All shown in footnote 1 except Stoddard Valley

3 All shown in footnote 1 except Stoddard Valley and DTNA interior
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2.4.2. Lessons Learned from Existing Long-term Demographic Study Plots

Drawing from lessons learned from established plots as well as best practices for demographic vital rate
estimation, there are several recommendations for the study design of long-term study plots that should
be considered in the RASP monitoring framework:

e Probabilistic selection of study sites and repeated visits over time; i.e., plots should be randomly
placed within critical habitat areas and/or placed to address specific hypotheses concerning
threats or management actions, using a stratified random sampling design whenever feasible;

e Sufficient replication within a hierarchical framework to represent the different sizes and scales
of management areas (e.g., several plots within each area upon which future analyses are to be
conducted);

e Adequate replication of plots within years (typically a minimum of three visits to plots within a
year for estimating annual demographic rates) to allow for estimation of detection probability in
analyses;

e Ideally, methods selected will produce datasets that are relevant and appropriate for long-term
analyses (i.e., spanning a minimum of 25-50 years). Long-term data are essential to understand
mechanisms underlying MDT population trends and whether recovery goals are being met.

2.4.3. Additional Demographic Studies and Insights for the RASP Monitoring Plan

More recently, new demographic information has been collected in RASP focal areas through
monitoring programs designed primarily to evaluate the effects of mitigation translocation on tortoise
survival (e.g., Esque et al. 2010; Henen et al. 2020). Specifically, expansions of military installations at
Fort Irwin and MCAGCC required MDT to be removed from expansion areas and translocated to
recipient areas. Translocation monitoring data for Fort Irwin are available from 2006-2008, and for
MCAGCC from 2019-present. In accordance with USFWS translocation guidance (USFWS 2020),
monitoring programs were established to compare short-term effects of translocations on tortoises
compared to resident tortoises (i.e., those already living in areas that received translocated tortoises)
and tortoises in ‘control’ areas unaffected by the translocation efforts. These studies used radio
telemetry to track individual tortoises in each treatment group (i.e., translocated, resident, control)
during the active season to understand short-term behaviors such as space use and to estimate survival
rates. The sites that USFWS maintains to estimate the proportion of tortoises available for detection
during LDS surveys also contain a large number of tortoises with radio transmitters (> 150), including
several sites within the RASP focal areas. Demographic data collected through these various projects for
telemetered individuals may provide valuable baseline estimates and ongoing data relevant for
monitoring RASP priority demographic metrics.

The MCAGCC translocation project, in particular, also generates information about MDT fecundity (eggs
produced per female), and juvenile tortoise biology and ecology through its captive rearing and head-
starting program at the Tortoise Research and Captive Rearing Site (TRACRS) (Nagy et al. 2015; 2020). In
particular, several cohorts of juvenile tortoises have been reared in predator-resistant, outdoor
enclosures, allowing for research into growth, nutrition, and survival of early life stages. Once tortoises
reach adequate body sizes to permit attachment of radio transmitters, these ‘head-started’ juveniles are
released and tracked in the wild to provide information about their survival and causes of mortality
(Nagy et al. 2015; 2020). These types of data on desert tortoises in early life stages are rare, and are thus
a valuable resource for a holistic population monitoring program.
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The MCAGCC monitoring plan (Christensen et al. 2016) provides details about how this program has
been conducted to ensure robust information is collected to evaluate the effectiveness of
translocations. In addition to ongoing monitoring efforts, pre-translocation monitoring included
establishment of demographic study plots in and around the proposed expansion areas to collect
baseline data on demographics, habitat quality, disease status, behavior and space use, and genetics
(Christensen et al. 2016). Ongoing and future translocation studies provide critical information about
MDT population dynamics and should be prioritized by the RASP monitoring program going forward.

Additional monitoring efforts on study plots outside the RASP focal areas also provide useful
information and examples for a RASP monitoring program. For example, study plots have been
monitored in AZ for Sonoran desert tortoises to allow state wildlife managers to track tortoise densities
and survival over time (Zylstra et al. 2013; Campbell et al. 2018; Zylstra and Steidl 2020). Several study
plots in NV and CA have also been monitored in recent years (see Appendix A, Table A2).

2.5. Monitoring Recommendations
Box 2.2. Guiding principles for

2.5.1. Guiding principles for the RASP monitoring plan population-level monitoring plan:

Considering the RASP monitoring metrics and relevant
monitoring methods described above, a series of
recommendations have been developed to guide the RASP

® |ncorporate multiple monitoring
metrics to provide holistic,

monitoring plan (Box 2.2). These recommendations are
intended to provide sufficient guidance for a monitoring
program to be designed and implemented in the field, once

population-level inferences;

Ensure robust spatial coverage of
monitoring efforts;

key details have been confirmed by RASP partners. Here,
we describe overarching principles that RASP should use to
develop the specific structure and execution of the
monitoring program. ® Select monitoring sites using a
randomized sampling design to
ensure statistical robustness of data;

® |nclude sufficient replication of
monitoring sites/plots;

e Principle 1: Incorporate multiple monitoring
metrics to provide holistic, population-level
inferences. As described previously, the RASP
monitoring plan will include a suite of monitoring
metrics that collectively allow inferences about MDT
population dynamics (refer to Fig. 1 conceptual

® Monitoring program should balance
statistical robustness with efficient
use of limited funding and personnel.

diagram). Monitoring a single or a few life history

metrics limits our ability to mechanistically understand the overall viability of MDT populations, and
is of limited utility in evaluating efficacy of management actions that may target multiple life stages.
Information about clutch size, number of hatchlings emerging each season, and proportion of
juveniles within the population provides mechanistic insight into current population trends, as well
as implications for future population dynamics (i.e., high hatchling output this year may indicate
higher juvenile recruitment in later years). Although estimates of adult tortoise densities can give an
indication of the trend and trajectory of the population (e.g., is it declining or increasing?),
information about earlier life stages is important for interpreting those trends over time (i.e., are
observed declines due to increased mortality of adults? Or poor juvenile recruitment to adulthood
in previous years?). By designing a holistic monitoring plan to gather information on multiple life
stages, RASP will be able to draw inference regarding the drivers of MDT population dynamics,
particularly in response to management actions. At the same time, monitoring multiple life stages
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will allow decision-makers to identify effects of and adaptively manage distinct management actions
that focus on specific life stages.

Principle 2: Ensure robust spatial coverage of monitoring efforts. Any wildlife monitoring plan
needs to sample available habitat sufficiently to capture important variations that influence patterns
of animal distribution and space use. Ideally, placement of monitoring plots/transects should be
randomized to ensure robust statistical inference and avoid biases toward certain habitat types or
conditions. In addition to considerations of habitat variations, the number and distribution of
monitoring sites should also reflect the relevant strata at which inferences need to be made. In the
case of the RASP monitoring plan, inferences might be needed at the level of the individual focal
areas as well as at the broader Tortoise Conservation Area (TCA) level, within which focal areas are
located (i.e., a nested spatial structure). Further, the monitoring plan should allow for comparisons
within focal areas where RASP management interventions will occur, as well as outside focal areas
as controls for priority monitoring metrics. To address these issues, the RASP monitoring plan might
explore co-locating monitoring efforts relative to randomized locations of line transects under
USFWS’s long-term LDS monitoring program.

Principle 3: Include sufficient replication of monitoring sites/plots. Related to Principle 2,
ensuring that a sufficient number of monitoring sites are established across a given study area is
essential to produce an adequate sample for robust statistical inferences about focal monitoring
metrics. Though site replication increases monitoring costs (i.e., more people, more field resources),
it also can buffer against unforeseen—but common—challenges in wildlife monitoring that are
unrelated to the management actions being evaluated. For example, replication ensures that a
monitoring program can continue operating even if catastrophic events force the removal of a site
from monitoring efforts, or the loss of animals being monitored, due to fires at a site, massive
tortoise die-offs, or widespread predation by badgers, which are not typical tortoise predators.

Principle 4: Select monitoring sites using a randomized sampling design to ensure
statistical robustness of data. Given dramatic declines in MDT densities and continued
degradation of Mojave Desert habitat, simple random sampling of monitoring sites might not be an
appropriate approach if selected sites contain zero tortoises to generate robust estimates of
monitoring metrics. A stratified random sampling design may be more appropriate, where sites are
randomly selected from a targeted subset of occupied or suitable MDT habitat. Multiple factors
could be explored for delimiting and stratifying areas for sampling, including gradients of habitat
quality (e.g., land cover, topography, human modification), as well as modeled occupancy (CSP
2021) and/or densities of MDT. A more targeted—but still randomized— sampling approach could
strike a balance between statistical robustness and efficient allocation of limited resources.

Principle 5: Monitoring program should balance statistical robustness with efficient use of
limited funding and personnel. Though the RASP monitoring plan will depend in large part on
new data collection efforts, and ensuring statistical robustness of inferences based on these
monitoring efforts is a primary goal, wildlife monitoring is expensive in terms of people, time, and
money. Thus, the RASP monitoring plan should combine new data collection efforts with existing
data and ongoing monitoring programs to gain efficiencies in terms of resource costs and existing
experience. For example, the RASP monitoring program should rely heavily on the long-term USFWS
line transect monitoring program, as well as ongoing and future translocation efforts (e.g., MCAGCC,
Fort Irwin), to generate relevant data for priority monitoring metrics. In addition, sites used by
USFWS to estimate ‘availability’ of tortoises for detection during LDS surveys (i.e., g0) contain
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tortoises that are radio-tracked multiple times a year. Tortoises at these sites also could be used to
collect data on vital demographic rates, reducing the number of new tortoises requiring location,
capture, and subsequent radio-tracking. In addition, field crews could collect data that support
estimation of multiple metrics, or crews performing different monitoring methods (i.e., line transect
vs mark-recapture) could be coordinated in time and space to gain further efficiencies.

2.5.2. Specific monitoring components and schema

For the RASP monitoring plan, we recommend a nested,
multi-method approach to collect the required data for
estimating key metrics needed to robustly monitor MDT
demographic rates and population viability at relevant
time scales (i.e., multiple tortoise generations) (Box 2.3).
To do this, we recommend (1) using the long-term, LDS
program coordinated by the USFWS as the foundational
monitoring component to continue collecting information
on tortoise densities for multiple strata, and (2)
implementing standardized (ideally telemetry-based
known-fate) capture-mark-recapture surveys within an
array of demographic monitoring plots to collect data on
survival and juvenile recruitment, and (3) targeted
monitoring of reproductive output and success within the
same demographic monitoring plots.

1) The foundation: Long-term, line transect monitoring

The most consistent, robust source of long-term
monitoring data available within the RASP focal areas is
the LDS data collected and provided by the USFWS DTRO,
from 2000 to present (See: Table 1.1 and Table A3 for
additional details on LDS data and key data custodians).

Box 2.3. Key considerations for RASP
monitoring plan:

® Focus RASP resources on long-term

demographic study plots to track
tortoise vital rates, while leveraging
ongoing, established LDS surveys to
continue monitoring tortoise densities;

Explore options to co-locate new
demographic study plots relative to
randomized locations of LDS transect
surveys;

Consider re-initiating monitoring efforts
at historic demographic study plots (in
addition to new, randomly placed plots)
to allow for the possibility of important,
long-term time series and trend
analyses, should historic datasets
become available.

This established monitoring program offers 20+ years of data on tortoise densities and population
trends and provides relatively comprehensive spatial sampling across the RASP focal areas (Fig. 2.2).
However, LDS surveys are primarily designed to estimate tortoise density and abundance and fail to
capture important information about demographic metrics (e.g., survival rates for multiple size/age
classes, recruitment, reproductive output) that may explain trends over time (Heppell 1998). Again, we
recommend that RASP monitoring efforts leverage ongoing LDS surveys to continue tracking tortoise
densities and population trends, while bolstering these efforts with new surveys to monitor

demographic metrics.
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Figure 2.2. Top: USFWS
MDT Line Distance Sampling
(LDS) transect locations
within RASP focal areas;
Bottom: schematic showing
line transects and
considerations for their
application within the RASP
monitoring framework.

Building on the ‘bedrock’ dataset of the LDS program, the second component of the RASP monitoring
plan should be a suite of demographic plots to collect key vital rate data, specifically juvenile/adult, sex-
specific survival rates, which will complement range-wide density and trend data generated by LDS (Fig.

2.3). These plots should be co-located to some extent with LDS transects to ensure that inferences
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about survival rates can be used to explain patterns in tortoise density in the same general areas and
time periods. It is important to emphasize that we are not suggesting LDS surveys can be used to
monitor marked individuals in demographic plots; these are separate monitoring efforts with separate
objectives and protocols. Co-location of density and demographic monitoring efforts is recommended
but not required, to simply ensure that estimated population metrics overlap spatially within the same
focal areas. Most importantly, plots should be placed within RASP focal areas as well as outside focal
areas to provide robust ‘control vs. treatment’ comparisons. In addition, a sufficient number of sites
should be established to ensure robust inferences about relevant monitoring strata (e.g., RASP focal
area, TCAs).

1) Line transects = density (and occupancy) 2) Demographic plots: ]
capture-mark-recapture for survival

estimates, proportion juveniles

Considerations:

¢ Located within cluster of line-transects; could
have some inside and outside focal areas

¢ Some new plots, some existing plots; enough to
produce estimates at desired scale (e.g., focal
area, TCA)

e Existing (future) data from translocations

Existing data from g0 plots and animals

e Plot size may be determined by animal densities,
required power

e Incorporate movement data in estimations

Figure 2.3. Building on recommendation 1 (leveraging USFWS LDS data), recommendation 2 is to establish
and maintain demographic study plots to collect data on vital rates, specifically juvenile and adult survival.

While noting the limitations associated with existing study plots in the Western Mojave, we recommend
that, to the extent practicable, RASP leverages these plots in addition to new, randomly placed
demographic monitoring plots going forward. If the historical data associated with these plots becomes
available, these could be integrated with new data to potentially provide rich time series and trend
analyses, within the same locations. However, in addition to leveraging the existing plots where
possible, the RASP monitoring plan should also include establishment of new demographic plots to
ensure methods are consistent and robust.

Plots should incorporate CMR as the overarching monitoring paradigm, likely relying on telemetry—
either radio or small GPS transmitters—for data collection. Telemetry-based mark-recapture (e.g.,
‘known fate’ CMR models) is highly valuable not just for confirming survival (or mortality) of individual
tortoises, but also for developing analyses of space use that are critical for understanding biotic, abiotic,
and anthropogenic drivers of tortoise behavior and survival (Esque et al. 2010; Walde and Boarman
2013; Farnsworth et al. 2015; Brand et al. 2016; Dickson et al. 2019; Henen et al. 2020).
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The exact number and location of demographic plots will be determined once the focal areas and
boundaries are finalized, and once RASP determines the geographic scale at which it requires monitoring
data. Plots should be monitored annually during the active season for the first 3 to 5 years of monitoring
plan implementation, and then perhaps every 3 to 5 years thereafter. It is important to highlight that
these plots—as with the LDS transects—should be monitored for the long-term (i.e., multiple tortoise
generations) to produce meaningful data on key metrics and overall MDT population dynamics.

3) Assessment of reproductive output

The third component of the RASP monitoring plan should include assessment of reproductive output
and success, nested within demographic study plots that focus on tracking individual tortoises (Fig. 2.4).
First, a subset of telemetered females can be X-rayed to determine whether they are carrying eggs,
which will provide data on the proportion of gravid females each season and the number of eggs
produced per female. Second, gravid females can be tracked to their nest sites, which can then be
monitored intensively during incubation to record information about embryonic survival and number of
hatchlings. This will provide data on early life stages to complement data on older life stages collected
using other monitoring methods; how many eggs are being laid and how many tortoise hatchlings are
emerging each season are important indicators of the immediate health and viability of females in the
population and allow for estimation of recruitment into older life stages.

1) Line transects = density (and occupancy) 2) Demographic plots: )
capture-mark-recapture for survival
estimates, proportion juveniles

3) focal follows of
females/clutches:
fecundity/reprod success

Considerations:

e X-rays to measure
fecundity

e Follow nests through
hatching/emergence to
measure emergence
success

Figure 2.4. Building on recommendations 1 (leverage USFWS LDS data) and 2 (establish demographic study
plots), recommendation 3 is to implement focused methods to record information on fecundity and
reproductive success. These three, nested methods will ensure collection of data that support monitoring
metrics for multiple life stages, thus providing a holistic perspective of MDT population dynamics.

2.6. Summary

Recovery goals for MDT specify criteria on demography, distribution, and habitat. Monitoring progress
toward these goals over time to determine whether the species can eventually be delisted requires a
holistic, comprehensive monitoring approach (USFWS 2011). Monitoring efforts that focus on a single
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metric, such as adult tortoise densities, will fail to capture information on multiple life stages important
for understanding overall population trends and dynamics for the species. Given that the USFWS DTRO
has already invested significant resources to establish the LDS program to monitor MDT densities across
their range, we recommend the RASP monitoring program focus on establishing long-term demographic
plots to track survivorship, juvenile recruitment, and reproductive success. Locations of new plots
should be determined using a robust, randomized study design, which could be layered and integrated
relative to randomized locations of LDS transect surveys. In addition to these new, randomized study
plots, we also recommend the RASP monitoring program re-initiate monitoring efforts within 6-7
historic demographic study plots within the RASP focal areas. If the historic datasets become available in
the future, RASP will then be in a position to facilitate valuable, multi-decadal MDT population trend
analyses. Given the long lifespans of desert tortoises, long-term datasets such as this are particularly
important for evaluating progress towards recovery goals.

The monitoring guidance provided here describes a holistic population monitoring approach, relevant
monitoring methods and protocols, and recommendations about key principles and considerations for a
RASP MDT monitoring program. We provide a summary of these recommendations in Table 2.1, below.

2.7. Role of RASP coordinator

A key role for a potential RASP coordinator will include building close partnerships and initiating data
sharing agreements with existing MDT monitoring programs. Specific responsibilities of a RASP
coordinator might include:

e Maintaining communication with other monitoring program managers and researchers to
ensure RASP monitoring initiatives complement existing monitoring efforts;
Ensuring new RASP monitoring efforts incorporate vetted protocols and a robust study design;

e Verifying that RASP monitoring data will be relevant for tracking progress towards MDT recovery
goals across multiple time scales, including short-, mid-, and long-term objectives.
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Table 2.1. Summary of priority MDT monitoring metrics from the RASP Implementation Plan, recommended methods to support estimates of
monitoring metrics, and key reference studies and protocols for each method.

Target Baseline data | Needs for additional data
monitoring Specific monitoring metrics | Type of method in RASP focal collection for future Key studies/protocols
metric areas? estimates
® Maintain ongoing efforts
Annual and cumulative v (MCAGCC) Esque et al. (2010); Walde and
es:
survival rates; responses to | Capture-mark-recapture Ft Irwi ® Reinitiate efforts in Boarman (2013); Henen et al.
rwin, . .
env and anthropogenic via radio telemetry MCAGCC previously monitored (2019, 2020, 2021, 2022);
Adult and covariates sites ' ' Dickson et al. (2019)
. . o Establish new sites
juvenile
survival rates
Annual and cumulative o . Berry (1984); Berry and
. . Capture-mark-recapture . ® Reinitiate efforts in .
survival rates, and possibly . Somewhat, in . . Christopher et al. (2003); Berry
. via transect/quadrat o previously monitored
other vital rates (e.g., L existing ) et al. 2006; Berry et al. (2020);
: surveys within L sites .
growth rates, mortality, . publications . . DTRPAC (2004); Allison and
. (randomized) study plots e Establish new sites .
and causes of mortality) McLuckie (2018)
Tortoise densities, trends, .
. USFWS line-transect s . . .
other metrics (e.g., . . Yes e Maintain ongoing efforts | Allison and McLuckie (2018)
tortoise observation data
occupancy)
Tortoise Berry (1984); Berry and
density . . Capture-mark-recapture . e Reinitiate efforts in Christopher et al. (2003); Berry
Tortoise densities, trends, ) Somewhat, in . ]
) via transect/quadrat o previously monitored et al. 2006; Berry et al. (2020);
other metrics (e.g., o existing . )
surveys within o sites DTRPAC (2004); Allison and
occupancy) . publications . . . .
(randomized) study plots o Establish new sites McLuckie (2018); Mitchell et al.
(2021b)

31



Table 2.1, continued.

monitored sites
e Establish new sites

Target . . Baseline Needs for additional
L Specific monitoring . . .
monitoring I Type of method data in RASP | data collection for Key studies/protocols
metric focal areas? | future estimates
Egg size and egg Radio-tracking females; Clutch exams | Yes: Fort . . Walde and Boarman
. . o . e Establish new sites
production via X-ray monitoring of females Irwin (2013)
Eggs/nest, nests/female; Radio-tracking females in
Reproductive hatchir.1g success; (ranc.iom.ized) study plots; nest No e Establish new sites Sieg et al. (2015)
success predation rates monitoring
E i f I E f ild f |
rathing sutcess ety | o popuintion neadstaring | Yes ® Maintain Ongoing | .o ot o1 (2015, 2020)
§ success, earty pop & MCAGCC efforts (MCAGCC) R
stage survival estimates experiment
Egg production by.female; R.adlo-tracklng. females; Clutch exams No e Establish new sites Mitchell et al. (2021a)
annual egg potential via X-ray monitoring of females
Relati ion of " . e Reinitiate efforts in Berry (1984); Berry and
. e atlye proportion o . Capture-mark-recapture V|a. . previously Christopher et al. (2003);
juveniles detected during transect/quadrat surveys within Unknown . .
. monitored sites Berry et al. 2006; Berry et
surveys (randomized) study plots . .
e Establish new sites al. (2020)

i Relati i f ; ;
l.’ropo.rtlon of 'u(i/Z:i\llsspc;the(::rtt;anzrin USFWS line-transect tortoise Ves e Maintain ongoing Allison and McLuckie
juvenile J. . g observation data efforts (2018)
tortoises/ line-transect sampling
juvenile N .
recruitment ® Maintain ongoing Esque et al. (2010); Walde

Annual and cumulative Capture-mark-recapture via radio ves: ° :Zcﬁmzfcisa(’c“e/lgggrics:)in and Boarman (2013);
survival rates of juveniles teIZmetr P Ft Irwin, revious| Henen et al. (2019, 2020,
(<180 mm MCL) y MCAGCC P Y 2021); Dickson et al.

(2019); Nafus et al. (2017)
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3. Effectiveness monitoring guidance

3.1. Overview

In this section of the RASP monitoring plan, we Box 3.1. Key considerations for RASP
move down a tier from the population-level effectiveness monitoring program:
monitoring guidance described in previous sections e Use readily available, established

to focus on effectiveness monitoring for specific protocols for monitoring short-term
RASP implementation strategies. Effectiveness effectiveness of management activities
monitoring is used to measure how successful targeting MDT and their habitats;

management actions are at achieving specific
restoration or recovery objectives, and to inform
adaptive management to increase their
effectiveness, where required. Project-specific

e Focus on objective, standardized
measures of tortoise recovery indicators;
e Be grounded in statistically robust

monitoring metrics are being developed within the comparisons of treatments vs. controls;
RASP Implementation Plan and will provide primary o Leverage potential synergies between new
guidance for effectiveness monitoring for RASP effectiveness monitoring efforts and
management actions; this section of the RASP existing research and monitoring efforts,
monitoring plan is intended to provide whenever possib|e;

programmatic recommendations for effectiveness o Facilitate regular communication of new

monitoring from which project-specific guidance
can be derived. Here, we provide guidance for
monitoring the effectiveness of specific RASP
implementation priorities (e.g., habitat
improvements, translocations, and reduction of
causes of tortoise mortality), and for evaluating the implications of effectiveness monitoring to guide
changes in management priorities, strategies, and progress towards RASP Implementation Plan objectives.

monitoring information and findings to
RASP decision-makers and resource
managers to inform adaptive management.

Fortunately, several resources already exist to support implementation and monitoring of RASP priority
strategies, including habitat restoration guidelines (DeFalco and Scoles-Sciulla 2009; Esque et al. 2021) and
a MDT population augmentation strategy (USFWS 2021a). In this section we highlight key considerations for
development of effectiveness monitoring priorities (Box 3.1), summarize existing effectiveness monitoring
guidance, and describe recommendations for a coherent effectiveness monitoring strategy that will inform
adaptive management of RASP project implementation.

3.2. Effectiveness monitoring guidelines

3.2.1. Habitat restoration and improvement (Implementation Plan Strategy 1.2, 1.3)

A primary threat to MDT populations is increasing habitat loss and degradation, driven by a wide range of
human activities and climate-related stressors (USFWS 2011, Abella and Berry 2016). In particular,
disturbance from off-highway vehicles (OHVs) on public lands has increased dramatically in recent decades
(DeFalco and Scoles-Sciulla 2009). Restoring desert habitat and improving habitat connectivity/continuity
following vehicle disturbance is a RASP implementation priority.

Effectiveness monitoring of habitat restoration efforts should be designed to evaluate the degree to which
restoration activities recover ecosystem function and community structures similar to those of intact
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reference sites, by tracking specific habitat indicators (Esque et al. 2021). Careful selection of reference
sites for comparison with sites that will undergo treatment is a key step in monitoring effectiveness of
restoration efforts. ldeally, reference sites should be selected from areas close to treatment sites, and
should capture relatively intact, target habitat conditions (Esque et al. 2021). Secondarily, resource-specific
benchmarks of the established indicators can be created to evaluate effectiveness of restoration projects in
supporting recovery of particular species or resources, such as MDT. Centering effectiveness monitoring
first and foremost on ecosystem function and (vegetative) community structure ensures that habitat
restoration activities will be evaluated for their benefits for the ecosystem generally, rather than tailored to
a single species’ ecological needs. Thus, if habitat is restored according to ecosystem indicators, individual
species should also benefit.

Along these lines, USGS—in cooperation with BLM—recently developed guidelines for route restoration
that provide valuable guidance on several fundamental points, specifically project planning and monitoring
design. These include specific indicators and methods, several of which are aligned with and adapted from
BLM’s Assessment, Inventory, and Monitoring (AIM) core indicators and protocols (Table 3.1, adapted from
Esque et al. 2021). This guidance document is a robust resource on several levels, and although designed
specifically for route restoration, it identifies ecosystem indicators as well as monitoring methods that
could be adapted to other restoration activities in non-linear areas (i.e., interior habitat within defensible

polygons).

Table 3.1. Ecosystem indicators and their recommended monitoring methods for restoration of non-routes.
Measurement methods adapted from BLM’s AIM protocols are indicated. (Adapted from Esque et al. 2021).

Category Ecosystem Indicators Measurement Method(s)
Ground cover Line-point-intercept (AIM)
Core Indicators | Vegetation cover Line-point-intercept (AIM)

Biotic Vegetation composition Plot-level species inventory

Supplemental Rodent mounds and burrows, ant nests,

. Ocular counting
Indicators lagomorph scat

Bare ground Gap intercept (AlM)

. . . Soil core method or excavation
Core Indicators | Soil bulk density/ compaction

method
Soil Soil aggregate stability Soil stability test (AIM)
. Soil texture

Indicators Hydrometer method

Core Indicators | Erosion Gap intercept (AIM); visual
Hydrologi

yarologic Supplemental . . .
Infiltration Infiltrometer (supplemental)

Indicators

As for tortoise-specific indicators or benchmarks, USGS and BLM Southern Nevada District Office (SNDO)
are collaborating on a project that will serve as an example for other parts of the MDT range. This project is
designed to identify benchmark values of AIM indicators (e.g., % cover of invasive plant species) that are
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linked to tortoise demographic rates. USGS and SNDO biologists are monitoring juvenile tortoises and
habitat characteristics in several plots over multiple years to determine the relationships between invasive
species cover and tortoise growth and survival. This study could be replicated in other areas to ensure that
benchmark values are developed according to local vegetation community conditions and possible variation
in tortoise demographic rates.

Current efforts to monitor habitat suitability, connectivity, and occupancy

As discussed in Sections 1 (Existing Data Sources) and 2 (Population Monitoring Guidance), there are several
initiatives that provide valuable information on key metrics of tortoise habitat quality, occupancy, and
connectivity. Nussear et al. (2009) produced a range-wide MDT habitat suitability model that provides a
tool for managers and biologists to estimate acreage of suitable MDT habitat within various jurisdictions.
Gray et al. (2019) generated a range-wide habitat connectivity layer that shows varying probabilities of
tortoise movements across the landscape, corresponding to habitat features that either promote or hinder
tortoise movement and space use patterns.

Recently, MDT habitat occupancy models have been developed to complement the density estimates
produced by USFWS DTRO (Harju and Cambrin 2019; Kissel et al., in prep). Such models provide insights
about probabilities of MDT colonization and extinction rates across the species’ range based on
environmental and human land-use covariates. As such, occupancy model outputs provide information that
supports evaluation of effectiveness of recovery actions to meet overall recovery goals (USFWS 2011) and
of potential consequences of future land uses on MDT habitat occupancy, at multiple geographic scales
(CSP 2021).

Habitat suitability, connectivity, and occupancy metrics could be used by RASP managers to track successful
habitat restoration over time. However, outputs of existing models are generally produced at coarse
geographic scales unlikely to match project- or site-scales, so could be useful for prioritization and for
detecting long-term trends in habitat metrics. In the shorter term, monitoring of metrics such as tortoise
presence, density, and occupancy in RASP implementation areas could allow evaluation of whether habitat
is effectively ‘converted’ from unsuitable or unoccupied or to suitable and occupied.

Use of remote sensing data to monitor habitat quality

Recent advances in remote sensing technologies and the growing availability of spatially explicit data offer
unigue opportunities to measure landscape characteristics, across broad spatial extents and in near real-
time. There is increasing potential for the development of rapid, reliable methods of tracking disturbance
events, vegetation shifts, and other environmental and climatic conditions that may be relevant for MDT
monitoring efforts, using remotely sensed data. For example, airborne lidar and high-resolution aerial
imagery were combined to identify potential burrow locations for MDT in Nevada, based on a combination
of vegetation features and geomorphic characteristics (Young et al. 2017). In a study of MDT habitat
connectivity, known locations of a sample of desert washes (preferred MDT habitat features and foraging
corridors) were combined with freely accessible, 1-m resolution aerial imagery to model a range-wide, wall-
to-wall map of desert washes, using an advanced machine learning approach (Gray et al. 2019). Despite
growing interest in such efforts to incorporate remotely sensed data into MDT habitat modeling and
monitoring efforts, this is still an ongoing and active area of research.

3.2.2. Reduce direct and indirect sources of mortality (Implementation Plan Strategy 2.1)

Reducing sources of mortality, particularly on late-stage individuals (i.e., adults and subadults), is the most
effective way to reverse population declines of long-lived species like desert tortoises (Doak et al. 1994;
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USFWS 2011). Tortoise mortality—specifically of larger, older individuals—resulting from collisions with
vehicles on highways as well as off-highway routes is a well-documented factor hindering recovery in the
Mojave Desert (USFWS 2011). Thus, highway fencing and OHV closures have been identified as RASP
implementation priorities to promote MDT recovery.

Priority areas, highways, and OHV routes must first be identified to guide installation of fencing and
closures. Fortunately, highway segments within and adjacent to RASP focal areas have been identified as
priorities for fencing to reduce tortoise mortality, based on locations relative to washes and other high-
transit areas for tortoises (Fig. 3.1). In the case of highway fencing, effectiveness monitoring of short-term
success is essentially equivalent to implementation monitoring. That is, efforts should be made to ensure
fences are installed properly and remain in place (see USFWS 2009, Chapter 8); properly installed fencing
will provide the expected benefits of reducing—and hopefully eliminating—tortoise mortality on highways.

Although somewhat similar to highway fencing, OHV route closures are intended to not only prevent
collisions with tortoises but also to promote ecological restoration. Unlike fencing, attempts to close OHV
routes are often stymied by continued incursions and trespassing, making the initial closure itself a
challenging prospect. Thus, effectiveness monitoring of OHV route closures requires a two-step approach of
first confirming the persistence of the closure in the short-term, and then evaluating the success of
ecological restoration within the closed route or area in the longer-term. Section 3.3 on Adaptive
Management provides a more detailed discussion of short- and long-term effectiveness monitoring OHV
route closures.
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Figure 3.1. Priority highway fencing project segments (black areas along highways [shown as red lines]) in
southern CA, relative to RASP focal areas. Figure courtesy of KL Holcomb, USFWS.
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However, effectiveness monitoring could also be established before and after installation of highway
fencing to document potential short-term changes in presence and density of tortoises in adjacent habitats.
Tortoise densities are typically much lower in areas adjacent to unfenced highways compared to areas
further away from highway (Peaden et al. 2015), and tortoise home ranges decrease in size, while carapace
temperatures increase with proximity to highways (unfenced or fenced) (Peaden et al. 2017) (Fig. 3.2a).
Highway fencing could ‘restore’ these areas, and thus expand the total habitat available to tortoises,
especially if combined with other relevant habitat treatments near the newly fenced highway (Fig. 3.2b).
Thus, targeted monitoring of tortoises in areas adjacent to highway fences could provide valuable
information about short-term space use in response to highway fencing, and increasing tortoise densities
near highways relative to densities further from highways could serve as an effectiveness metric. For
example, line transects established perpendicular to highways could document changes in tortoise
presence, occupancy, and density as a function of distance to highways before and after fence installation
(Fig. 3.2). Transects are an established method for sampling desert tortoises near highways (e.g., Boarman
and Sazaki 2006), and this particular approach (Fig. 3.2), which has been piloted by DTRO (L. Allison, pers.
comm.), could be a promising monitoring tool to provide project-specific information about effectiveness of
highway fencing. The same approach could be implemented in a sample of RASP project locations and used
to generate estimates of ‘tortoises saved’ for NFWF’s monitoring and evaluation purposes.

a. ﬁ.’a Available habitat Qﬁ
<y

“No tortoise land”

A 4

ﬁg Available habitat ﬁ

o
f#>
fens‘ @g @a

Figure 3.2. Transect surveys (shown in yellow) could also be conducted before (a) and after (b) highway fence
installation, to gain additional insights on the effect of fences on movement, survival, and on the effectiveness of
fences for measures of tortoise recovery such as density and occupancy.
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Long-term monitoring of population metrics can be performed based on the range-wide density monitoring
program (see Monitoring Guidance 2.3.1), but these metrics will provide a long-term perspective on the
cumulative effects of management actions that address a range of issues, not just fencing. However,
demographic plots (see Monitoring Guidance 2.4.1) could be used to monitor tortoise-specific responses to
interventions that occur close to plots. For example, if highways near demographic plots are fenced,
monitoring data could provide insights about how fences influence tortoises within study plots.

3.2.3. Augment depleted MDT populations (Implementation Plan Strategy 3.2)

Because the 2011 Recovery Plan included population augmentation as a key recovery action in the 2011
Recovery Plan (USFWS 2011), the USFWS developed guidelines for population augmentation activities
(USFWS 2021a). This population augmentation strategy is primarily focused on mitigation translocations—
i.e., “removal of organisms from habitat due to be lost through anthropogenic land use change and release
at an alternative site” —but ultimately focused on the conservation benefit of the recipient site to promote
recovery goals of sustained, long-term increases in tortoise abundance and distribution (USFWS 2011). The
overall goal of the strategy is to “use population augmentation to help achieve recovery criteria within the
recovery units. Individual augmentation plans should include objectives that describe how augmentation at
that site will contribute to the overarching goal” (USFWS 2015).

The USFWS strategy (2021a) states that project-specific translocation plans should support regional
augmentation plans by tracking health and survival of translocated tortoises compared to tortoises already
occupying recipient areas as well as tortoises in control areas outside of the recipient areas. The MCAGCC
work plan for translocations provides an example of a project-specific translocation plan that provides
details about translocation study design, including monitoring areas, indicators, and methods (Christensen
et al. 2016).

The USFWS strategy (2021a) recommends that the following criteria be addressed when identifying
augmentation sites (see USFWS 2020, although in this case the criteria also apply to sites that will receive
translocatees from captive or head-starting programs).

1. Depleted recipient tortoise population (i.e., < 3.9 adult tortoises/km?, the threshold below which
populations are unlikely to be viable; USFWS 1994, Appendix C) within TCAs or population linkages.

2. Habitat suitable for all life stages.

No evidence of an active outbreak of disease, such as high prevalence of clinical signs of disease or
seropositive responses to infectious pathogens.

4. Adistance of at least 6.5 km from the release area to any major unfenced highways (i.e., high traffic
volumes/speed limits and no desert tortoise exclusion fence), highways, or human development
that would pose a risk to desert tortoises.

5. No detrimental rights-of-way or other encumbrances that would pose ongoing risks to successful
establishment of translocated tortoises.

6. Compatible management with continued desert tortoise occupancy.

The strategy also summarized several success criteria to measure progress of translocation projects (Table
3.2). This framework requires that the success of each stage determines the success of the subsequent
stage(s), which provides opportunities for monitoring results to inform adaptive management that can
address factors affecting the population, possibly including site-specific threat management.
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Table 3.2. Success criteria for tortoise translocation projects (USFWS 2020, USFWS 2021a).

T Indicators/metrics (methods and monitoring Time frame (post-
& intensity may vary) translocation)

1. Survival and growth of a. Cumulative survival within 20% of controls” a. 5years
released and resident b. Increase in carapace length (CL) since release b. 5-6 years
individuals (tortoises released at <180 mm CL)"™"

a. Female reproductive output is similar to a. 5years (for mature

2. Evidence of reproduction in rx P P y (
released and resident controls releases)

. b. Juvenile segment of the size-class distribution is b. 9-18 years
individuals . .
increasing
3. Population growth Increasing trend in adult population size 15-20 years
4. Viable population Adult density > 4 km? 20-30 years

* Measured via radio telemetry. Survival within 20% of controls is specified as a Stage 1 metric, because high
survival is necessary to achieve a self-sustaining population in 20-30 years (Stage 4).

** Measured via periodic (e.g., triennial) mark-recapture surveys.

*** Measured via X-ray examination of females (clutch size) during telemetry-based monitoring

Along these lines, if causes of tortoise population declines are not addressed, population augmentation
activities by themselves will not achieve sustained recovery. Therefore, population augmentation actions
should identify objectives that will contribute to overarching recovery goals. In particular, augmentation
should be implemented synergistically with other recovery actions that reduce threats to tortoise survival.
For example, areas adjacent to newly installed highway fencing could also be recipient areas for
translocated or head-started tortoises, thus allowing for expansion of occupied tortoise habitat as well as a
way of monitoring the success of the other recovery actions. In such a case, space use, survival, and other
metrics collected by field monitoring efforts related to the translocation or introduction of head-started
tortoises could also support effectiveness monitoring of habitat restoration via highway fencing.

As outlined in the USFWS strategy (2021a), field monitoring should be used to evaluate the effectiveness of
implemented augmentation activities to meet the pre-established project goals. For example, field
monitoring will provide information about whether project metrics such as survival, habitat use, or changes
in numbers of tortoises meet expectations and how to adaptively manage the project in subsequent
implementation phases. Thus, as described in the USFWS strategy (2021a), augmentation plans should
incorporate adaptive management considerations, such as regular monitoring of key metrics (Table 2) and
pre-planned decision points that specify actions to be taken or corrected if monitoring demonstrates
deviation from planned project progress.

3.3. Adaptive management guidance

Adaptive management is a dynamic, iterative approach to long-term management of biological resources
that is responsive to the results of ongoing monitoring and research. Management objectives and strategies
should be evaluated regularly as monitoring efforts provide new information on evolving threats, species
responses, and other relevant factors (DTRPAC 2004). Adaptive management of MDT recovery actions
should focus on objectively quantifying the effectiveness of management actions towards achieving
specific, measurable outcomes (Kareiva et al. 1999). The effectiveness monitoring approach described here
is designed to provide information that project implementers and managers can use not just to track
progress toward project- and program-specific goals, but also to adaptively manage project design and
implementation on a regular, strategic basis (Fig. 3.3).
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Learning and improvement Planning

Lessons learned translated into
improvements; monitoring guides
where changes needed

Project plan established;
where, how much, by
whom

Adaptive
management
RASP
implementation

Monitoring Implementation

Project plan implemented,
management action taken

Effectiveness monitoring
conducted

Figure 3.3. Conceptual framework illustrating the role and significance of effectiveness monitoring for informing
recommendations for change as they relate to implementation priorities that support adaptive management.

Ultimately, to provide meaningful, actionable information, effectiveness monitoring of RASP
implementation priorities should focus on short-term indicators that are linked to longer-term tortoise
recovery goals and objectives. MDT, like the Mojave Desert ecosystem generally, respond slowly over many
years (or decades) to recovery actions. Because such time periods are typically much longer than recovery
planning and implementation time horizons, RASP recovery priorities should be designed, implemented,
and evaluated for success within short- to medium-term (<10 yr) periods. Thus, we recommend that RASP
effectiveness monitoring should focus on metrics for measuring progress that can be recorded yearly and
analyzed within a few years, to inform adaptive management decision-making.

Through this short-term lens, there are important cases in which implementation monitoring actually is
effectiveness monitoring. For example, once highway fencing or OHV route closures are implemented,
there is a need to verify that they were implemented properly, and to verify that they remain in place. If
they are in place, tortoise mortality caused by collisions with vehicles should be eliminated. Specifically,
monitoring the effectiveness—i.e., the persistence—of OHV route closures warrants a two-step approach
(Herrick et al. 2005; Holcomb 2013). First, evaluation of successful implementation of route closures should
begin with a revisit to the restoration site within 1-2 months of implementation. Later, site visits should
occur within 6 months to 2 years after implementation to evaluate the effectiveness and to confirm the
persistence of the original installation. This monitoring would evaluate whether treatments are still intact,
whether the closed route was trespassed, and whether positive signs of recovery are observable. Continued
long-term monitoring should be conducted to evaluate effectiveness of subsequent recovery of habitat
within the closed route and defensible polygons that are the target of the restoration efforts. By revisiting
project sites, RASP personnel will be able to determine the effectiveness of the implementation simply by
verifying that installed structures are still there. If they are not, managers can adapt implementation
strategies to address this issue. Additional monitoring, as described in the sections above, can be used to
supplement adaptive decision-making about programmatic priorities as well as project-specific techniques.
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As described previously (Monitoring Guidance 2.5.1), a guiding principle for RASP monitoring should include
leveraging efficiencies in ongoing or complementary activities, resources, etc., whenever possible. In this
vein, we recommend that the RASP coordinator seek to take advantage of potential synergies between
different implementation priorities. For example, head-started juvenile tortoises are tracked post-release to
evaluate their performance, but these efforts could also be leveraged to evaluate juvenile responses to
management actions such as highway fencing (Fig. 3.2). Short-term responses of head-started tortoises can
provide insights about the effectiveness of actions for promoting positive outcomes for tortoises, and can
inform adaptations regarding how recovery actions are implemented across RASP priority strategies.

Lastly, it is important to acknowledge that the impacts of multiple, simultaneous threats and their relative
influence on tortoise populations are still poorly understood (USFWS 2011, 2021b). For example, raven
management is not an identified RASP priority, yet it is a source of direct mortality to tortoises that could
counteract benefits of RASP priority strategies (USFWS 2011). Thus, RASP could consider including targeted
monitoring of raven presence within focal areas and other areas where management actions are
implemented. Such monitoring could include focused point counts of ravens and their nests to estimate
raven abundance, which could then be related to estimates of raven predation on tortoises.

The effectiveness monitoring recommendations described here provide guidance for measuring progress
towards specific recovery goals resulting from specific management actions. However, much remains
unknown and unquantified regarding the relative and synergistic effects of various stressors on tortoise
populations (e.g., the effects of disturbance and drought on habitat condition, which likely mediates risk of
predation and vulnerability to disease). We recommend keeping abreast of relevant research projects and
efforts to quantify the relative and interacting effects of particular threats, and re-prioritizing management
strategies as needed based on the best available science.

3.4. Role of RASP coordinator

The RASP coordinator’s role in promoting effectiveness monitoring across the RASP implementation
priorities is straightforward and critical. The existence of several guideline documents will enable the RASP
coordinator to identify and extract key recommendations from these guidelines, and translate them to
corresponding RASP priority strategies. However, the RASP coordinator will also need to develop an
adaptive management strategy that incorporates monitoring metrics for each recovery priority, establishes
pre-planned ‘trigger’ points where decisions should be made about potential changes to project
implementation, and integrates across priorities to provide a coherent, program-wide plan. Importantly,
the RASP coordinator can support adaptive management by facilitating the transfer of information gained
through effectiveness monitoring to decision makers and resource managers. Annual RASP-partner
meetings, facilitated by the coordinator, would provide an ideal opportunity for project-to-program
evaluation and any needed adaptive management decisions.

A key opportunity for the RASP coordinator to share results of effectiveness monitoring will be at the
annual review of the RASP Implementation Plan by DoD and USFWS. The Implementation Plan will also be
updated at least every 5 years by USFWS and DoD in collaboration with BLM and other recovery partners.
Implementation Plan updates will apply new information gained through monitoring and incorporate new
recovery priorities and recommendations from the Desert Tortoise Management Oversight Group, where
applicable. Although these updates may modify the focus of implementation, it will not modify DoD’s
annual funding commitment under the RASP (see Implementation Plan Funding section).
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4. Data management guidance

4.1. Overview

This final section of the RASP monitoring plan will focus

on data management guidance describing the format, Box 4.2. Key considerations for RASP
organization, and storage of acquired and newly monitoring data management:
generated RASP monitoring data, detailed in sections 1- e Critical first step is to identify clear

3 above. Well-planned, effective data management is a monitoring objectives, metrics, and
key step in providing relevant, useful data to support statistical or analytical needs —before
MDT adaptive management and recovery. Due to the data design or collection begins;
multi-jurisdictional nature of MDT research and e All elements of data management

recovery efforts, existing data have been collected,
organized, and stored in a variety of formats. This
presents a challenge for compiling and integrating
relevant datasets from different jurisdictions, and has
hindered efforts to coordinate the collection, storage,
and analysis of MDT monitoring data across
management boundaries.

should be carefully designed to meet
these specific monitoring objectives
and needs;

e Ensure newly generated data can be
integrated with existing monitoring
data, following standardized data
collection and management protocols;

At the same time, this is a unique opportunity for RASP » Work closely with existing data

to play an important role in coordinating, compiling, and custodians to identify how data should
organizing data from multiple sources, in a standardized be consolidated and uploaded to
format that can help facilitate analysis of MDT federal repositories.

population trends and responses, across the RASP focal

areas.

4.2. General guidance on data management

Data management plans are fundamental components of any conservation program that aims to collect
and organize data for purposes of analysis and interpretation. Existing guidance on data management for
projects focused on MDT can be generalized and adapted to this RASP monitoring plan. In particular, the
USFWS (2015) developed a Desert Tortoise Monitoring Data Management Plan for data collected through
their LDS surveys. This plan provides an effective and relevant model for the management of other desert
tortoise monitoring data. Distinct phases in an effective data management process, from initiation of data
collection to finalization of data products, are described below (Fig. 4.1).

Design Phase: Collection Design

There is an initial design phase in which specific data fields, types, and formats are described, based on the
monitoring objectives and specific metrics (Fig. 4.1). This important step includes the design of data
collection forms and instruments as well as quality control and quality assurance protocols (QA/QC). Given
the current lack of standardized, central databases for the types of MDT monitoring data RASP will
generate in support of the Implementation Plan (e.g., demographic data, habitat restoration data), this
section of the RASP monitoring plan is intended to support this important design phase, specifically. There
are current efforts to coordinate more consistent data collection and centralized storage, across the range
of MDT; for example, the BLM is working toward a common framework and database for habitat
disturbance, treatment, and monitoring data. Thus, a key role of the RASP coordinator will be to work
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closely with data custodians to stay abreast of these efforts, and to ensure RASP monitoring data can be

integrated with central databases, if and when these are finalized.

Design Phase:
Collection Design

Design collection data
farms, sheets,
applications and

QAQC | processes

Phase I:

Collect field data

Beginning
farms, paper

sheets,
applications,
datahazes

databases

and paper
sheets

Impart and GAQC

Correction
databases

and paper
sheets

Data Collection and Correction | | |Performed by
multiple organizations

Submit weekly

Receive and
implement feedback

Figure 4.1. Schematic describing generalized data management process from initial data collection to finalized
data products (From USFWS 2015).

Corraction
databases and

paper sheets

Phase I: Data Collection and Correction
Phase | involves data collection and correction, which can be performed by multiple organizations
depending on the scale and scope of data collection efforts. In the case of the RASP Implementation Plan, it
is likely that there will be multiple RASP partners and subcontractors, as well as NFWF grantees, responsible

for collecting data. This phase ensures that data are collected according to established protocols and are

Phase |I: Data Integration
and Field Completion

Combination,
consolidation,
farmatting, field
generation, continued
QAQC

Phase llI:
Data Finalization

Integrated

databases and
paper sheets

Finalization of spatial
and non-spatial
electronic data,

continued QAQC

Final data

products

then filtered through adequate QA/QC protocols to ensure that data can be appropriately analyzed. QA/QC
checks should include verification that all required fields are filled properly, according to required formats

and relationships to other fields and to the overall database structure (Table. 4.1).
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Table 4.1. Example checks in QA/QC protocols for field collected data (USFWS 2015).

Type Description Examples of Errors

Database Identifies orphans or deviations in Waypaints with no fransect.

relationships | the expected number of features More than 22 waypoints related
related to another feature to a transect

Field domains | Identifies values that are not within Tortoise mcl > 400
a specified range or set

Duplicate Identifies duplicate records Duplicate transects

records

Multi-field Identifies records that do not meet Observer does not match the
attribute specific conditions for attribute lead or follow for the last
conditions values waypoint

“Gsub0 = Visible” but no
behavior recorded

Spatial Identifies records that do not satisfy | Transects that do not intersect
conditions a spatial relationship their monitoring strata

Observations that are more than
50 meters away from their
related transect

Phase II: Data Integration and Field Completion

Phase Il involves integrating data from multiple sources into a single database. This phase will be relatively
efficient if a) there is an existing database into which data will flow upon project start, and/or 2) the data
fields selected for data collection match the fields in the master database. QA/QC checks in this phase
ensure that data are correctly copied or imported into the master database to maintain their integrity from
initial collection to first QA/QC review. Paper datasheets should be preserved for any further QA/QC and as
backups to the electronic database.

Phase lll: Data Finalization

The final phase of data management involves generating finalized data products. These products could
include spatial display and/or analyses of field collected data, as well as analyses of priority monitoring
metrics. For example, in the case of the RASP Implementation Plan, effectiveness monitoring of habitat
improvements and/or projects to reduce tortoise mortality could be analyzed using field-collected data
associated with supported projects.

4.3. Management of newly generated RASP monitoring data

Building on the general guidance described above, we provide specific guidance here for a RASP data
management process for the types of newly generated monitoring data described in previous sections of
this monitoring plan. The recommended data flow process (Fig. 4.2) provides a management framework for
all data collected as part of the RASP monitoring plan. In sections 4.3.1 and 4.3.2, below, we describe
considerations specific to habitat effectiveness monitoring and population monitoring, respectively.
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RASP MDT data flow process

QA/QC of submitted Data submitted to Evaluation of

Monitoring data data master database effectiveness

Standard project-level data collected ~ RASP coordinator Following QA/QC, RASP Analyses at 3-, 5-and
and reported to NFWF and RASP applies QA/QC coordinator ensures that 10-year intervals to
coordinator protocol to submitted data enter master e Determine
data database implementation and
Data collected during each visit to e for route closures, road effectiveness of
each project site, includes fencing, habitat restoration in short-
e initial implementation monitoring restoration->CA Desert and longer-terms, and
by initial project implementer, and District db ¢ Characterize
¢ longer-term ecological monitoring » for population population information
by project implementer OR monitoring data-> DTRO
monitoring team

Figure 4.2. Schematic of the recommended RASP MDT data flow process, with a focus on data collected for
habitat restoration projects.

First, monitoring data are collected in the field in association with specific projects supported under the
RASP Implementation Plan (Fig. 4.2). Data will be collected by NFWF grantees and RASP partners and their
subcontractors according to established, required fields. USFWS has developed several data forms and data
dictionaries (Appendix B) for data types similar to those recommended for the RASP monitoring plan, and
these resources could serve as the basis for designing RASP’s data collection requirements. Project Pls will
be responsible for initial QA/QC of collected data, using protocols developed by the RASP coordinator using
the USFWS’s data management plan (2015) as a guide.

Data will then be reported to NFWF as part of grant requirements and then to the RASP coordinator (in the
case of projects supported directly by NFWF), or directly to the RASP coordinator in the cases where a
project is supported by a RASP partner and not NFWF. Data will also be collected during repeated visits to a
project site for the purpose of effectiveness monitoring, either for short-term implementation monitoring
to review the ‘restoration integrity’ (i.e., evaluate the extent to which the treatment remains in place), or
longer-term ecological monitoring once implementation is completed (see Section 3 for details).

Next, the RASP coordinator will perform QA/QC of the data collected on RASP Implementation Projects (Fig.
4.2). This QA/QC process verifies that data were entered in all required fields, and that data entry conforms
to the required formats of the individual fields. For example, the USFWS DTRO uses an extensive MDT
monitoring data dictionary (Appendix B1) to train LDS and translocation surveyors and QA/QC personnel.
Data will then be integrated into a master database, a process that the RASP coordinator will oversee in
coordination with key database managers (Fig 4.2). Data should also be shared between the RASP
coordinator, NFWF, relevant RASP partners and custodians of centralized databases. Data to be shared
includes: reporting metrics, spatial data of project footprints, reports, permitting, and raw data if
applicable.
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Finally, we recommend analyses of RASP monitoring data at regular intervals during the 5 to 10-year
lifespan of the RASP Implementation Plan (Fig. 4.2). This will allow for evaluation of progress toward
programmatic goals at different intervals, i.e., in the short-term (within 3 years of initial implementation),
medium-term (~5 years), and long-term (~10 years). Such periodic evaluation is recommended because
Mojave Desert habitat restoration as well as MDT population dynamics occur on long timescales, typically
much greater than individual resource management programs, so evaluation is needed at multiple
timepoints for different purposes. Additionally, routine analysis of monitoring data and communication of
results is an important step in adaptive management of implementation efforts. The RASP coordinator will
be responsible for producing data summaries and analyses to share with RASP partners and will coordinate
with NFWF as well in this phase. More in-depth geospatial or other analyses could also be conducted by
third-party researchers.

4.3.1. Population monitoring data

Existing databases, upload process and availability considerations

As described in Sections 1 and 2 of this monitoring plan, demographic data (e.g., density, survival,
reproduction) have been and continue to be collected across the MDT range since the 1970s. However, no
single database contains all data collected in these plots.

Given our recommendation of a population monitoring design that nests focused assessments of
reproductive output within demographic plots, which themselves should be sited in relation to locations of
long-term LDS transects (see Section 2), we recommend that new demographic and reproductive output
data be shared directly with the USFWS DTRO. DTRO coordinates the LDS program and maintains the LDS
database, and currently holds reports for almost all similar demographic plot surveys in NV, AZ, and UT,
from which individual capture histories and other information can be extracted. Thus, housing RASP
demographic data within DTRO would ensure consistency and efficiency. This is the most sensible
arrangement as DTRO can use these data to track progress toward range-wide MDT recovery goals. Specific
data to be collected should be extracted from relevant data fields in the DTRO monitoring data dictionary
(Appendix B1).

The RASP coordinator’s responsibility in this process will be to coordinate with project Pls, RASP partners,
and NFWF to oversee the data flow from the field to a common RASP-specific database, and then to DTRO,
as well as conducting all necessary QA/QC, on an annual basis.

Templates, recommended data fields

Just as there is no single database for all MDT demographic data, methods and data fields vary among
different demographic studies, depending on project aims and resources. For example, the long-term USGS
demographic plots relied on capture-mark-recapture surveys where field observers systematically searched
for tortoises (Berry 1984; DTRPAC 2004), whereas more recent plots take advantage of radio tracking data
from individual tortoises to estimate survival and other metrics (e.g., Henen et al. 2019, 2020, 2021; Esque
et al. 2010; Mitchell et al. 2021b). Regardless, depending on the specific methods implemented under the
RASP monitoring plan, data fields can be developed in accordance with existing and/or historical datasets.

The DTRO has standard forms for field data collection and reporting that should serve as templates for
RASP demographic monitoring efforts. For example, there is a standard reporting form for projects that
collect and report data on tortoise movements (Appendix B2) that could be used to develop field data
collection forms. The DTRO also has standardized data collection forms for monitoring translocated
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tortoises (Appendix B3) and for tortoise health assessments associated with translocation monitoring
(Appendix B4). These can serve as examples for RASP data collection, although there are project-specific
protocols and corresponding data fields that need to be determined during the study design phase. For
example, some projects use GPS tracking to document tortoise survey routes rather than collecting
waypoints, in which case data fields for spatial locations of survey routes will need to be defined (e.g., only
starting and ending points). Additionally, health assessments associated with demographic monitoring
require a number of photos; these are collected by USFWS in embedded OLE format, but in the final data
these are stored as JPG files following a naming format that links photos to the specific date, transect,
tracking and health record. Despite project-specific details that will need to be worked out during the
design phase of data management, at a minimum, these standard reporting forms can inform what data
needs to be reported to DTRO, where this information will be maintained in a centralized database. See
Appendix A, Table A3 for a list of key DTRO data custodians and contact information.

4.3.2. Effectiveness monitoring data

Existing databases, upload processes and availability considerations

In Section 3 of this monitoring plan, we provide guidance for monitoring the effectiveness of specific RASP
implementation priorities, including highway exclusion fencing, closure and restoration of unauthorized
OHV routes, and population augmentation through translocation and head-starting.

As described in Section 3, due to extremely high success rates of properly installed fencing, effectiveness
monitoring of highway exclusion fencing is equivalent to implementation monitoring (i.e., if the fence is
installed properly and remains in place, it is effectively reducing tortoise mortality). Thus, data
management for fencing monitoring should be fairly straightforward. Data fields should include the date,
project site, spatially explicit location, type of fencing, and project-specific metrics required by RASP (e.g.,
miles of fencing installed or improved, number of acres protected, etc.). These data should then be checked
for completeness and QA/QC and reported first to NFWF, then shared by the RASP coordinator with the
USFWS DTRO, who maintains range-wide information on highway fencing for tortoises. As described in
Section 3, fencing projects should be revisited within approximately two months to confirm that the
treatment was properly installed and is still in place; revisit data should be managed following the same
collection and reporting process.

A similar data management plan should be used for the installation of unauthorized OHV route closures.
However, for habitat improvement projects such as route restoration, there are several points following
project implementation at which monitoring data should be collected (Fig. 4.3). Again, projects should be
revisited within approximately two months following implementation of a habitat restoration treatment to
confirm that the treatment was installed properly and is still in place (Herrick et al. 2005; Holcomb et al.
2013). Later revisits can employ ecological restoration monitoring protocols (Esque et al. 2021). In all cases,
standard data types should be collected and reported during each visit to each project site (Fig. 4.3).
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Date of visit

Disturbance type and area

Treatment type and area

Monitoring protocol

I o Rapid assessment protocol at project site

CA Desert
District habitat
restoration db

- 8 8 " B

= In-depth effectiveness monitoring protocols
« Photos

( NFWF/RASP

Figure 4.3. Schematic of monitoring data management steps and overall data flow through the life of a habitat restoration project. Note that

recommended data fields are also described.

48



For habitat restoration data, we recommend that RASP data be incorporated into the BLM California Desert
District (BLM CDD) habitat restoration database (Fig. 4.3). The BLM CDD database is designed to collate
route disturbance and treatment data (including revisits for monitoring purposes) for sites across the CDD,
which encompasses the RASP focal areas. This database can also support spatial characterization of project
data as well as analyses of treatment information, and BLM is moving toward using this database to
standardize data collection and reporting across CA field offices, and perhaps range-wide.

The BLM CDD database is a file geodatabase that is used to post to ArcGIS online for use in the field via
mobile application. Although the online service cannot be shared officially with non-BLM personnel, the
database itself can be shared, allowing users to copy the database structure to facilitate collection of the
same fields. This will ensure that RASP monitoring data collected in the field will conform to the BLM CDD
database structure, which will allow these data to be shared with the BLM CDD database managers and
integrated into the BLM CDD database itself. This integration should happen at least annually, in
coordination with the NFWF reporting schedule.

Lastly, for management of data related to MDT population augmentation projects, we recommend RASP
projects follow guidance for data collection and reporting outlined in the USFWS Population Augmentation
Strategy for the Mojave Desert Tortoise Recovery Program (2021a). Again, standard data types in addition
to project-specific metrics (e.g., survival, growth, and reproductive output of released and resident
individuals) should be collected, checked for completeness and QA/QC, and reported to NFWF and key
RASP partners, including the USFWS.

Templates, recommended data fields

Because BLM is moving toward using the CDD database as a central repository for habitat treatment data,
particularly for route restoration, we recommend that the RASP coordinator work closely with the BLM CDD
data custodians to ensure newly generated RASP data conform to this database’s existing schema. Standard
data fields are straightforward (Fig. 4.3)—i.e., date and location of a project site, disturbance type and area,
treatment type and area, and subsequent monitoring information—but should be confirmed upon initiation
of RASP project implementation. In the BLM CDD, the same data are collected during each visit to a given
project site, whereby data collected on revisits can be used for monitoring purposes. In addition, BLM CDD
can include effectiveness monitoring data collected using more in-depth monitoring protocols such as the
USGS route restoration guidelines (Esque et al. 2021).

4.4. Role of RASP coordinator

Management of RASP monitoring data presents a unique and important opportunity for the RASP
coordinator to develop and facilitate a data management plan based on best practices, described above.
Once specific RASP project objectives are established, all subsequent data collection, formatting, and
organization should be standardized in accordance with existing data management protocols and
scientific/analytical needs. Field data collection and entry should also be standardized to ensure data can
be evaluated for completeness, accuracy, and compliance with existing procedures and project
requirements.

The RASP coordinator’s core responsibilities in this process will be to coordinate with project Pls, RASP
partners, and NFWF to oversee the appropriate design of data collection protocols, data QA/QC, and the
flow of data from the field to a common RASP-specific database, and then to key data custodians of related
central databases (depending on the project and data type), on a regular basis.
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Appendices

Appendix A. Additional information for existing data sources for the Mojave desert tortoise.

Table Al. Additional metadata for existing Mojave desert tortoise (MDT) data sources within RASP focal areas (summarized above in Table 1.1),
including: focal monitoring metrics that could potentially be extracted from these data, information on statistical robustness and availability.

Target
monitoring
metric

Data source

Data collection
method(s)

Focal monitoring metrics

Statistical soundness/robustness

Wild population
or translocation/
head-start?

Adult and
juvenile
survival rates

Fort Irwin . Annual and cumulative survival; Wild (controls,
. Mark-recap via . . .
Translocation Tel ‘ responses to environmental Established, robust methodology residents) and

elemetr
Project y and anthropogenic covariates Translocated
MCAGCC . Annual and cumulative survival; Wild (controls,
. Mark-recap via . . .
Translocation Telemetr responses to environmental Established, robust methodology residents) and
Project y and anthropogenic covariates Translocated

Fort Irwin and

Annual survival; responses to

Head-started

Reproductive
success
(# of eggs)

MCAGCC Head- Head-starting environmental and Established, robust methodology juveniles in
starting Program anthropogenic covariates enclosures
. . Presumably robust data collection via
Estimates of vital rates such as
Long-term . . mark-recapture and quadrat surveys;
. Desert tortoise growth rates, fecundity, ] L .
tortoise . . . some discussion in DTRPAC (2004) re: Wild
. demographic plots recruitment, survival (and .
demographic plots . limitations of these data, esp. non-
mortality, and causes) . .
random sampling design
Mark-recap via
UCLA egg stud Telemetry; Clutch . . . .
g8 y Y Egg size and egg production Published study wild

(Wallis et al. 1999)

exams via x-ray
monitoring of females

Fort Irwin and
MCAGCC Head-
starting Program

Head-starting

Procurement of eggs from wild
females for head-starting
experiment

Published studies

Eggs from wild
females
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Table A1, continued.

demographic plots

(USGS-CA)

demographic plots

recruitment, survival (and
mortality, and causes)

with these data; some discussion in
DTRPA (2004) re: limitations of these
data, esp. non-random sampling design

Target ] Wild population
L. Data collection o . . i
monitoring Data source Focal monitoring metrics Statistical soundness/robustness or translocated/
. method(s)
metric head-start?
Tortoise .
density: Densities, occupancy, trends
v USEWS Line USFWS line-transect *other estimates may be
. . . tortoise observation generated, such as abundance Established, robust methodology Wild
*Proportion Distance Sampling . .
. . data and potentially proportion of
of juvenile . .
. juveniles
tortoises
Probability of habitat
MDT habitat occupancy, colonization, and . .
. BLM range-wide o . P . Y o Robust estimates for Tortoise
Tortoise occupancy, extinction, | extinction; prioritization of . . .
MDT occupancy L . . . Conservation Areas, projected to range- Wild
occupancy colonization project siting, habitat mgmt, .
model s . L wide coverage
probabilities identification of key env and
anthro drivers
Fort Irwin ‘Snapshot’ surveys of Annual/cumulative survival; . . . Wild (controls,
. . P ¥ / Published studies; Established, robust . (
Translocation size-age class; Mark- responses to env and anthro methodolo residents) and
Project recap via Telemetry covariates &Y Translocated
MCAGCC
. . Annual/cumulative survival; Wild (controls,
Translocation Mark-recap via . .
. . responses to env and anthro Established, robust methodology residents) and
Proportion of | Project Telemetry .
. . covariates Translocated
juvenile (DOD)
tortoises
Presumably robust data collection via
Long-term Estimates of vital rates such as | mark-recapture and quadrat surveys,
tortoise Desert tortoise growth rates, fecundity, though few have first-hand experience

Wild
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Table A2. Summary of additional data sources collected outside RASP focal areas (shaded in blue), including focal monitoring metrics that could
potentially be extracted from these data, and information on statistical robustness and availability.

Target A . Statistical Wild pop. or
. Data collection Focal monitoring Focal I . )
monitoring . soundness/ translocated/ | Availability? Time period | Reference
) method(s) metrics geography
metric robustness head-start?
Annual/cumulative 2013-2018
. . . Wild (control, . published; .
Mark-recap via survival; responses to Established, robust Ivanpah . Published Dickson et al.
resident) & . surveys
Telemetry env and anthro methodology Valley, CA estimates ) (2019)
. Translocated ongoing to
covariates
present
Annual/cumulative
. . . Northeast . .
Mark-recap via survival; responses to Established, robust . Wild and Published Nussear et
Mojave, NV K 1997-2000
Telemetry env and anthro methodology and UT Translocated estimates al. (2012)
covariates
Annual/cumulative
Adult and Mark-recap via survival; responses to Established, robust Northeast Wild and Published 2014-2015 Nafus et al.
juvenile Telemetry env and anthro methodology Mojave, NV Translocated estimates (2017)
survival rates covariates
Robust data Not publicl
Long-term tortoise . . . . .p v 1979-2003;
. Estimates of vital rates | collection via mark- . available, ;
demographic plots, East Mojave, . (different
such as growth rates, recapture and requires data
non-CA . Northeast . . plots cover DTRPAC
fecundity, quadrat surveys; . wild sharing .
(USGS-NV, AZ Game recruitment, survival otential limitations Mojave RUs, agreements different (2004)
& Fish, UT Division of ment, s NV, AZ, UT 2 time
Wildlife) mortality and causes of data (see DTRPAC with data eriods)
2004) custodians i
Annual/cumulative Zylstra et al.
Long-term tortoise . / Robust data . v
. survival; responses to . . Sonoran . Published (2013),
demographic plots collection via mark- wild . 1987-2008
. env and anthro Desert, AZ estimates Campbell et
(AZ Game & Fish) . recapture
covariates al. (2018)
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Table A2, continued.

Target X . L Wild pop. or
. Data collection Focal monitoring Statistical soundness/ Focal o . )
monitoring ) translocated/ | Availability? Time period | Reference
R method(s) metrics robustness geography
metric head-start?
Not publicly
# eggs/nest, available,
L nests/female; requires data .
Reproductive | Nest observation in Ivanpah Sieg et al.
otentially hatchin Published stud wild sharin 2003
success two field plots P v g v Valley, CA & (2015)
(# of eggs) success and predation agreements
99 rates with data
custodians
. . CSP has
Not associated with .
. L compiled
L. systematic monitoring L.
Opportunistic opportunistic
. . o protocols, can be used to .
tortoise observation | Presence, distribution, |. . . observation . .
A inform species Range-wide, . 2000- Described in
data observations of distribution models (e BLM lands wild data from BLM resent CSP (2021)
(BLM, Conservation | mortality (and causes) ) . ) L Field Offices; P
Science Partners) using logistic regression likely other
or MAXENT). Also useful .
" datain
for model validation .
existence
*Modeled
Prioritization of project Published
Other metrics | MDT range-wide ,I, e I, projec . . Uol data, based
o siting, habitat Published peer-reviewed paper; dataset
connectivity based . . . Model on 2007- Gray et al.
. management, manuscript; established Range-wide and products
on Circuitscape . o outputs . 2010 (2019)
identification of key methodology available from .
method . relocation
movement corridors CSP
surveys
Prioritization of project Published *Modeled
. . pro) . paper; 2009 data, based
. siting, habitat Established
MDT range-wide R —— methodoloey. undated in | Range-wide Model and updated on 1970- Nussear et
habitat suitability . _g_ o = P . outputs datasets, 2008 al. (2009)
identification of key env | 2020
. products presence
and anthro divers .
available datasets
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Table A3. Key MDT data sources, custodians and contacts.

Data source

Contact(s
(Custodian) (s)

Linda Allison (USFWS, Reno, NV)

Mojave Desert Tortoise Monitoring Coordinator
USFWS Line Distance Sampling (775) 861-6324 | linda_allison@fws.gov
(DTRO) Roy Averill-Murray (USFWS, Reno, NV)

Desert Tortoise Recovery Coordinator

(775) 861-6362 | roy averill-murray@fws.gov

Dr. Brian Henen (USMC, MCAGCC, CA)
Fort Irwin and MCAGCC Translocation Projects | (760) 830-5720 | brian.henen@usmc.mil
(DOD) Dr. Todd Esque (USGS, Henderson, NV)
(702) 564-4506 | tesque@usgs.gov

Dr. Brian Henen (USMC, MCAGCC, CA)

Fort Irwi d MCAGCC Head-starti
ortfrwin an ead-starting (760) 830-5720 | brian.henen@usmc.mil

Program

(DOgD) Dr. Kenneth Nagy (UCLA, Los Angeles, CA)
(310) 825-8771 | kennagy@biology.ucla.edu

California long-term study plots (n = >16) T Dr. Kristin Berry (USGS, Moreno Valley, CA)

(USGS-CA) (951) 697-5361 | kristin _berry@usgs.gov

Dr. Todd Esque (USGS, Henderson, NV)

Nevada long-term study plots (n = 23) (702) 564-4506 | tesque@usgs.gov

(USGS-NV) * . .
Dr. Ken Nussear (University of Nevada-Reno, NV)
(775) 784-6612 | knussear@unr.edu
Cristina Jones (AZ-GFD)
Turtles Project Coordinator
Arizona long-term study plots (n = 7) cajones@azgfd.gov
(AZ Game & Fish Department; AZ-GFD) * Tom Jones (AZ-GFD)

Amphibians & Reptiles Program Mgr.
tjones@azgfd.gov

Ann McLuckie (UT-DWR, St George, UT)
Wildlife Biologist
(435) 680-1062 | annmcluckie@utah.gov

Utah long-term study plots (n = 3)
(UT Division of Wildlife Resources; UT-DWR) *

" Data from long-term study plots in CA are not yet available to external researchers, however data from a
limited subset of CA plots have been published (Berry and Yee 2021; Lovich et al. 2014).

* DTRO has capture histories for all tortoises on non-California (NV, AZ, UT) long-term demographic plots
with at least 3 survey visits. Contact Roy Averill-Murray at DTRO (see above).
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Appendix B. Sample data dictionaries and datasheets from USFWS

See attached documents:

Appendix B1. Data dictionary

Appendix B2. Example transmitter tracking datasheet

Appendix B3. Example translocation datasheet

Appendix B4. Example health assessment datasheet (for use in translocation monitoring)

- Note the health form requires 7+ photos. These are currently included in the data
dictionary, and are collected by USFWS in embedded OLE format, but in the final data they
are stored as JPG files following a naming format that links the photos to the specific
date/transect/tracking/health record. How these photos will be stored in a centralized
database remains an important issue to be addressed.
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