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Weidemeyer’s admiral butterfly (Limenitis weidemeyerii) by Rick Fridell
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Executive Summary
The Bureau of Land Management (BLM) 
administers more surface land, approximately 
245 million acres (one-tenth of America’s land 
base), than any federal agency in the United 
States. In accordance with the Federal Land Policy 
and Management Act (FLPMA) of 1976, the BLM 
manages public lands under the principles of 
multiple use and sustained yield. This “Strategic 
Plan for Pollinator Conservation” (strategy) is 
intended to increase pollinator conservation 
efforts on BLM-managed lands by providing 
direction for agency commitment of resources 
for pollinator species and their habitats. This 
strategy is consistent with and supports FLPMA 
by directing the sustainable use and protection 
of ecological and environmental values for 
future generations (FLPMA, section 102(a)(8); 
BLM Handbook H-1601-1, “Land Use Planning 
Handbook”). This strategy also supports the 
America the Beautiful Initiative and “Department 
of the Interior Climate Action Plan 2021” to 
conserve lands and biodiversity. 

Most of the world’s flowering plants and crops 
depend on pollinators. Pollinators are essential 
for healthy, biodiverse ecosystems across public 
and private lands. Several threats exist that 
impact pollinator habitats, diversity, health, 
population viability, and abundance. Threats on 
BLM-managed lands include habitat loss and 
fragmentation from land development activities 
such as energy development, mining, fences, and 
rights-of-way including transmission lines and 
roads. Threats to pollinators also include habitat 
degradation from factors such as nonnative or 
invasive plant and animal species (e.g., honey 
bees, cheatgrass), ungulate grazing, artificial 
lighting at night, increased wildfire frequency 
and intensity, and climate change. Habitat loss, 
fragmentation, and degradation can result in 
the loss of flower resources, pollinator nesting 

and overwintering sites, as well as disruptions in 
migratory movements.

Successfully conserving pollinators on public 
lands requires understanding their habitat needs 
and current conditions, life-history trends, and 
population ecology. Developing applied science 
and tools that support BLM needs, adapting 
BLM business practices, implementing proactive 
conservation efforts, and effectively coordinating 
with federal, state, tribal, university, and 
nonprofit organization partners is a first step in 
pollinator conservation. This strategy outlines five 
overarching goals:

1. Inventory BLM-managed lands and identify 
management needs for pollinators. 

2. Implement proactive efforts to conserve and 
restore pollinator habitats. 

3. Improve BLM business practices, policies, and 
planning for pollinator conservation. 

4. Increase science support tools and 
information for pollinator species and habitat 
management. 

5. Increase communication and collaboration 
internally and with BLM partners.

Through the achievement of strategic goals, 
objectives, and actions, this strategy supports 
the ongoing need to identify and implement 
conservation actions that will improve overall 
pollinator habitats, diversity, health, population 
viability, and abundance. Strategic, proactive, and 
adaptive BLM efforts in support of pollinators will 
enhance, restore, and conserve pollinator habitats 
to meet BLM multiple use and sustainable yield 
responsibilities. These efforts will also enhance 
communication, collaboration, and partnerships 
by outlining goals, objectives, and actions for 
pollinator conservation on BLM-managed lands.
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1.0 Introduction
1.1 Background
The Bureau of Land Management (BLM) is 

responsible for managing approximately 245 

million acres of public lands mostly in the Western 

United States and approximately 710 million 

acres of subsurface mineral estate nationwide. 

The mission of the BLM is to sustain the health, 

diversity, and productivity of the public lands 

for the use and enjoyment of present and future 

generations. In accordance with the Federal Land 

Policy and Management Act (FLPMA) of 1976, the 

BLM manages public lands under the principles of 

multiple use and sustained yield. FLPMA requires 

that “the public lands be managed in a manner 

that will protect the quality of scientific, scenic, 

historical, ecological, environmental, air and 

atmospheric, water resource, and archeological 

values…” (section 102(a)(8)).

Because pollinators are essential for healthy, 
biodiverse ecosystems, the conservation of 
pollinators and their habitats are a priority for the 
BLM. Pollinators are essential for crop production 
and sustaining native ecosystems. They play an 
integral role in the survival of other plants and 
animals. Pollinators are responsible for most 
flowering plant reproduction and the maintenance 
of genetic diversity, and those plants provide food 
and shelter for numerous wildlife species (NRC 
2007; Gilbert and Vaughan 2011; Harmon et al. 
2011; Ollerton et al. 2011). Pollinators are thus 
essential for maintaining biodiversity and ensuring 
sustainability of most life forms on BLM lands. 
Creating and maintaining pollinator habitat (e.g., 
flowering plants) also helps purify water, prevents 
soil erosion, and filters the air. Pollinators also 
improve aesthetics for the millions of recreationists 

that use public lands, by ensuring diverse, healthy 
vegetation communities and bird, butterfly, and 
bat viewing opportunities (NRC 2007).

In 2014, the Pollinator Health Task Force was 
created by Presidential Memorandum, involving 
numerous federal agencies including the 
Department of the Interior (DOI). The primary 
function of this task force was the development 
of a national pollinator strategy. Specific to DOI, 
the 2014 Presidential Memorandum committed 
the department to (1) develop best management 
practices to enhance pollinator habitat on federal 
lands; (2) establish a reserve of native seed 
mixes, including pollinator-friendly plants, for 
use on postfire rehabilitation projects and other 
restoration activities; and (3) assist state wildlife 
organizations in conserving pollinators through 
implementation of State Wildlife Action Plans. 

In May of 2015, the Pollinator Health Task Force 
released the “National Strategy to Promote the 
Health of Honey Bees and Other Pollinators,” 
hereafter referred to as the White House strategy. 
The goals of the White House strategy are to: (1) 
reduce honey bee colony losses during winter 
(overwintering mortality); (2) increase the Eastern 
population of the monarch butterfly; and (3) 
restore or enhance 7 million acres of land for 
pollinators over the next 5 years through federal 
actions and public-private partnerships.

Included as an appendix to the 2015 White House 
strategy is the DOI Pollinator Protection Plan. 
The DOI Pollinator Protection Plan commits that 
the BLM will take steps to increase the extent 
and quality of pollinator habitat through specific 
actions including the use of pollinator-friendly 
native plants in restoration efforts; identify 
pollinator-friendly native plant species by 
ecoregion; and establish a reserve of native seeds 
(e.g., including seed collection and storage).
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Also in 2015, in response to the 2014 Presidential 
Memorandum, the U.S. Department of Agriculture 
and DOI developed the “Pollinator Friendly Best 
Management Practices for Federal Lands.” This 
document provides a range of best management 
practices that consider quality of foraging habitat; 
identification of important pollinator reproduction, 
nesting, and overwintering sites; pollination of 
at-risk plant species; removal of invasive species 
to improve pollinator habitat; using genetically 
appropriate (i.e., locally adapted) natives seeds; 
adaptive management; and public outreach.

In 2015, the Plant Conservation Alliance, chaired 
by the BLM, developed the “National Seed Strategy 
for Rehabilitation and Restoration” (national seed 
strategy). The national seed strategy focuses agency 
efforts toward improving ecological conditions 
through reclamation and restoration using native 
seed and other plant materials (e.g., seedlings 
and container stock). Successful implementation 
of the national seed strategy is essential for the 
conservation of pollinators due to their reliance on 
native plant populations. The BLM is also committed 
to implementing the national seed strategy by 
working with the Seeds of Success Program, BLM 
ecoregional native plant materials development 
programs, and National Seed Warehouse System 
to collect and increase the availability of species 
that are important for pollinators.

Direction for BLM implementation of the White 
House strategy was originally provided by 
Instructional Memorandum 2016-013, “Managing 
for Pollinators on Public Lands.” Direction in 
this instruction memorandum commits the 
BLM to several actions to implement the DOI 

Pollinator Protection Plan and other conservation 
efforts. Commitments include the integration of 
pollinator-friendly native plant species into habitat 
restoration, postfire rehabilitation and stabilization 
seedings, fuel treatments, and other projects that 
use seeds or seedlings. The long-term goal is to 
provide a suite of early-blooming to late-blooming 
flowering plants to ensure floral resource 
availability for pollinators throughout the growing 
season. Although this instruction memorandum 
is expired, many of its recommendations remain 
relevant and are incorporated in this strategy.

Federal laws and BLM policies complement 
pollinator conservation efforts. FLPMA directs 
the protection of ecological values, preservation 
of certain lands in their natural condition, and 
management of fish and wildlife as one of six 
“principal or major uses” of public lands (FLPMA, 
section 103(l)). In addition, many pollinator species 
are in decline and are included in BLM special status 
species lists as sensitive, threatened, endangered, 
or under review by the U.S. Fish and Wildlife 
Service (USFWS) for increased protection under the 
Endangered Species Act (ESA) of 1973, as amended. 
Section 7(a)(1) of the ESA provides direction to all 
federal agencies to utilize their authorities and carry 
out programs for the conservation of threatened 
and endangered species. BLM Manual 6840, 
“Special Status Species Management,” directs the 
BLM to manage BLM sensitive species (including 
pollinator species) and their habitats to minimize 
or eliminate threats and improve the condition of 
species’ habitats. BLM Manual 1740, “Renewable 
Resource Improvements and Treatments,” and 
BLM Handbook 1740-2, “Integrated Vegetation 
Management Handbook,” provide policy and 
direction for maintaining and restoring native 
plant communities that protect diversity, 
resiliency, and productivity to assist with  
maintenance, enhancement, and restoration of 
pollinator habitats on BLM-managed lands. All other 
laws and policies guiding pollinator management 
are listed in section 6.0 of this strategy.

BLM biologist Cristina Dressel examines a butterfly 
caught at the BioBlitz. Photo by Chaney Swiney

1.2 Purpose and Need
The purpose of this strategy is to build upon 
existing directives and promote necessary 
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proactive efforts to conserve, enhance, and restore 
important pollinator habitats and populations 
across BLM-managed lands. The BLM administers 
more surface land than any other federal agency 
in the United States. This widespread land base 
provides substantive opportunities for the BLM to 
support and facilitate the long-term conservation of 
pollinators through proactive habitat management 
decisions. For example, BLM-managed lands in the 
Southwest are the epicenter of native bee species 
richness and abundance in North America (Orr et 
al. 2021) and provide important habitats for many 
other pollinator species (USFWS 2018a; USFWS 
2018b; Alexander et al. 2020).

Pollinators provide ecosystem services (e.g., the 
contributions of pollinators to plant reproduction 
and ecosystem health) of significant ecological 
and economic importance (Gilbert and Vaughan 
2011; Harmon et al. 2011). Pollinators are vital for 
agriculture production—pollinator-dependent 
crops account for up to one-third of total U.S. food 
consumption (NRC 2007; Hellerstein et al. 2017).

More specific to BLM-managed lands and other 
natural landscapes, pollinators play a critical role in 
maintaining ecosystem composition, structure, and 
function. Up to 80 percent of the world’s flowering 
plants use pollinators to reproduce (Gilbert and 
Vaughan 2011; Harmon et al. 2011; Ollerton et 
al. 2011), and about half of these species rely on 
pollinators for most or all their seed production 
(Rodger et al. 2021). A strong diversity of pollinators 
is important for maintaining ecosystem sustainability 
(Fontaine et al. 2006; Ebeling et al. 2008; NRC 2017; 
Ramos-Jiliberto et al. 2020; Rodger et al. 2021). 
Without pollinators, plant species diversity will 
decline, causing reductions in food and shelter 
resources for numerous wildlife species (Fontaine et 
al. 2006). Many flowering plant species reproduce 
exclusively through pollination or depend on 
pollinators to reach maximum reproductive potential 
(Hooks and Espíndola 2020). Pollinators (e.g., insects) 
themselves provide an important food source for 
many wildlife species (Harmon et al. 2011). Pollinator 
and plant diversity helps create healthy and vibrant 
habitats for recreational opportunities including 
hiking, wildlife viewing, birdwatching, and hunting 
(NRC 2007; Harmon et al. 2011).

Pollinator species have declined worldwide 
(NRC 2007; Cameron et al. 2011; Koh et al. 2016; 
Hallmann et al. 2017; Cardoso et al. 2020; Forister 
et al. 2021; Wagner et al. 2021). The extent is 
not well understood due to a lack of systematic 
monitoring of most species (Vanbergen 2013). 
More than 70 pollinator species are protected as 
threatened or endangered under the ESA (USFWS 
2021a). Listed species include 12 bat species in 
the conterminous U.S., Hawaii, and territories 
(USFWS 2021b). Nine species of honeycreepers or 
honeyeaters in Hawaii are listed (USFWS 2021a); 
hummingbird species are declining (English et al. 
2021a); and several insect pollinators are being 
reviewed by the USFWS for protection under the 
ESA. For example, in 2016, the USFWS initiated 
a status review of the western bumble bee, 
potentially affecting 15 western states. The rusty 
patched bumble bee was listed as endangered 
in 2017; the western monarch butterfly was 
determined to be warranted for listing in 2020; 
and in 2021, the USFWS initiated a review for 
Suckley’s bumble bee. In addition, the BLM 
has identified 62 butterflies or moths and 17 
bees as BLM sensitive species, with more likely 
to be included as sensitive species as updates 
continue. As of 2015, State Wildlife Actions Plans 
included 143 pollinator taxa as species of greatest 
conservation need (Mawdsley and Humpert 2016).

Overall, this strategic plan supports pollinator 
conservation by identifying and directing 
implementation of conservation actions that 
will improve overall pollinator habitats, diversity, 
health, population viability, and abundance. As 
a federal land management agency and public 
resource steward, the BLM faces increasing 
responsibilities to be proactive, productive, and 
accountable to the public, local communities, 
and policy makers. Strategic, proactive, and 
adaptive BLM efforts in support of pollinators will 
enhance, restore, and conserve pollinator habitats 
to meet BLM multiple use and sustainable yield 
responsibilities. These efforts will also enhance 
communication, collaboration, and partnerships 
by outlining goals, objectives, and actions for 
pollinator conservation on BLM-managed lands.
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Cactus bee (Diadasia sp.) by Rick Fridell
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2.0 Pollinators and Their Habitat Requirements
2.1 The Pollinators
Pollination is the movement of pollen within or 
between flowers to allow fertilization and seed 
production. North American pollinators include 
species of bats, birds, butterflies, moths, flies, 
beetles, ants, and bees (Hopwood et al. 2015). 
Many of these species have specialized host 
plants and adaptations to take advantage of floral 
resources (Van der Niet et al. 2014). Diversity 
of pollinator species is therefore important 
for increasing seed set and decreasing pollen 
limitation in plant species (Robertson et al. 2021). 

Most pollinators are insects (Hopwood et al. 2015; 
Hopwood et al. 2016). The number of native insect 
pollinator species in North America is estimated 
at 4,000 bees (Winfree et al. 2007; Moisset and 
Buchmann 2011), 750 butterflies (Smithsonian 
2021a), 12,000 moths (Smithsonian 2021b), 900 
flower flies (Shepherd and Hoffman Black 2021), 
and likely thousands of other fly, wasp, beetle, and 
ant species. Native bees are the most important 
group of pollinators in temperate climates due 
in part to their diversity and high pollination 
efficiency (Batra 1995; Moissett and Buchmann 
2011; Winfree et al. 2007; Hopwood et al. 2016; 
Stein et al. 2020). Bee pollinator effectiveness is 
due to the hairs on their bodies that can carry 
pollen, as well as consistent and frequent flower 
visitation (Batra 1995; Moissett and Buchmann 
2011). Nocturnal moths also represent an 
important insect pollinator for many plant 
species (MacGregor et al. 2015). Wasps appear 
to be an important pollinator for some species, 
including milkweeds, and flies are often important 
pollinators at high altitudes (Kephart 1983; Betz et 
al. 1992; Inouye 2020).

Three families of birds evolved as flower and 
pollinator specialists, including hummingbirds, 
sunbirds, and honeyeaters (Cronk and Ojeda 
2008). Behaviors such as the ability to fly and 

forage at long distances, carry large pollen loads, 
and remain active in harsh climate conditions (e.g., 
deserts, alpine habitats) make birds important 
pollinators (Cronk and Ojeda 2008; Fleming et al. 
2009). In North America, the primary pollinating 
bird species are hummingbirds (18 species in the 
U.S.), American orioles, and white-winged doves 
which are important pollinators of the saguaro 
cactus (NRC 2007; Cronk and Ojeda 2008).

At least 12 species of pollinating bats occur in 
North America and southern Mexico (Baker et 
al. 2003; NRC 2007). Three of these bats are well-
known pollinators—the lesser long-nosed bat, 
Mexican long-nosed bat, and hog-nosed bat (NRC 
2007). Many species of cacti, agave, and other 
desert plants rely heavily on bats for pollination 
and reproduction (NRC 2007). Bats forage and 
pollinate flowers that open at night, when many 
other pollinating insect and bird species are not 
active (NRC 2007).

2.2 Habitat Resource 
Requirements

The diversity of pollinator species and habitat 
types makes it difficult to provide specific 
conditions for all pollinator habitat needs. 
However, all pollinator species require higher 
densities and diversities of flowering plants 
across larger landscape scales for nectar or 
pollen foraging opportunities (Orford et al. 2016; 
Aguirre-Gutiérrez et al. 2015; Papanikolaou et 
al. 2017). Many species also require specific 
nesting, overwintering, or migratory resources. 
The following are general descriptions of optimal 
conditions within pollinator floral, nesting, 
roosting, and overwintering habitat that can be 
considered when developing conservation and 
restoration opportunities. Additional species-
specific information may be obtained through the 
literature or additional research as needed.
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Floral Requirements

• Sites with high plant diversity, richness, and overlapping blooming periods (NRC 2007).

• Sites free of, or with low densities of, nonnative invasive plants (Levine et al. 2003;  
Vilà et al. 2011; Stout and Tiedeken 2017).

• Specific host plants for insect larvae (e.g., native milkweed species are  
important host plants for the monarch butterfly) (USDA 2015).

• Landscapes that are heterogeneous with a variety of different vegetation  
types and successional states1 to support nesting, wintering, migratory,  
and stopover uses. Heterogeneous landscapes support higher species  
richness (Grime 1973; Tews et al. 2004; Fahrig et al. 2011; Odanaka  
and Rehan 2020) and may support higher diversity in bees  
(Coutinho et al. 2021) and other pollinators. 

Nesting, Roosting, and Overwintering Requirements

• Bees, wasps, and ants (NRC 2007)
- Substrates suitable for nesting areas, including bare ground (e.g., prairie dog towns 

provide open substrates), native bunchgrasses, soft woods, and pithy twigs.
- Availability of nest sites, including underground cavities or burrows (e.g., beetle or 

rodent burrows), vertical cliffs, ditch banks, rodent nests, and sand dunes.
- Availability of building materials, including mud, clay, sand, and debris.

• Beetles (NRC 2007)
- Generally unknown but dependent on beetle species and plant distribution.

• Flies (NRC 2007)
- Generally unknown but dependent on fly species and plant distribution.
- Fly pollination appears dominant in small-flowered plant species that bloom under 

shade, in seasonally moist habitats, and often at high altitudes.

• Butterflies and moths (NRCS 2002; NRC 2007; Pelton et al. 2016; Malcolm 2018) 
- Larval host plants (species specific).
- Open water and puddling areas.
- Rock and log piles and other structures that provide cover.
- For monarch butterflies, groves of trees with dappled sunlight, high humidity, fresh 

water, and an absence of freezing temperatures or high winds for overwintering.
- Monarch butterflies in the West may use riparian corridors to move between 

overwintering sites, breeding, and foraging areas.

• Hummingbirds (NRC 2007; Alexander et al. 2020)
- Trees and shrubs with horizontal, forked branches for nesting, perching, and 

foraging.
- Building materials, including spider webs (silk), feathers, lichens, and fibers.
- Riparian corridors for use as breeding habitat.

• Bats (NRC 2007; USFWS 2018a; USFWS 2018b)
- Maternity and other communal roosting sites, including crevices, hollow trees, 

large caves, mines, and structures with limited human disturbance.
- Sufficient stands of floral forage resources in proximity to day and night roosts.

1 Succession is the gradual replacement of one type of ecological community by another in the same area, involving a 

series of orderly changes, especially in the dominant vegetation.
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Threats to pollinators include increasing habitat loss 
and fragmentation, climate change, expansion of 
invasive species (including nonnative honey bees), 
pesticides, and disease (Kearns et al. 1998; Potts et al. 
2010; Cane and Tepedino 2017; Wagner et al. 2021). 
The combination, or synergy, between multiple 
threats compounds the negative effect of any single 
threat (Vanbergen 2013; Wagner et al. 2021).

3.1 Habitat Loss and 
Fragmentation
Habitat loss is the destruction of habitat to such an 
extent that it is no longer capable of supporting 
the species and ecological communities that 
naturally occur in that area. Habitat loss poses 
the greatest threat to species and biodiversity 
worldwide and is the leading cause of extinctions 
(Pimm and Raven 2000; Fahrig 2003). 

Pollinators respond negatively and quickly 
to habitat loss, largely due to a loss of flower 
resources (Quesada et al. 2003; Winfree et al. 
2007; Bommarco et al. 2014; Carman and Jenkins 
2016; USFWS 2018a; USFWS 2018b; Alexander et 
al. 2020; Olynyk et al. 2021). However, the loss of 
other habitat components may also be important 
drivers. For example, the loss of monarch butterfly 
overwintering areas and hummingbird and bat 
migratory habitats due to human development, 
fire, and other disturbances may result in 
population declines (Ober et al. 2005; Pelton et 
al. 2016; USFWS 2018a; USFWS 2018b; Crone 
et al. 2019; Pelton et al. 2019; Alexander et al. 
2020). Reductions in the density of flowering 
agave plants could increase competition for food 
resources and energy demands of the lesser long-
nosed bat (Ober et al. 2005). Bee species that nest 
in above-ground cavities decrease with increasing 
habitat loss from land uses (Williams et al. 2010). 

Habitat fragmentation is the breaking up of large 
patches of native vegetation into smaller and 
increasingly isolated patches that results in the 
loss of landscape continuity (Pickett and White 
1985; Fahrig 2003; Calvillo et al. 2010). In smaller 
patches, the increase in edges makes plant and 
pollinator communities vulnerable to increased 
colonization by nonnative species, predation, 
lower pollinator abundance and biodiversity, 
higher risk of local pollinator extirpations, and 
lower pollination services as compared with larger 
habitat patches (Fahrig 2003; Franzén and Nilsson 
2010; Abramson et al. 2011; Olynyk et al. 2021; 
Cohen et al. 2021). Many native bees are absent or 
less abundant in small, isolated habitat areas due 
to a lack of adequate pollen resources (Calvillo et 
al. 2010; Carrié et al. 2017; Delnevo et al. 2020). 
Allen’s and Costa’s hummingbirds require large, 
undisturbed stands of coastal scrub and chaparral 
for breeding habitat (Alexander et al. 2020). 
Habitat fragmentation in lesser long-nosed bat 
habitats has resulted in spatial isolation from food 
resources and inadequate pollination of cacti and 
agave flowers, making successful migration and 
reproduction more challenging (Healy 2007).

3.0 Threats to Pollinators and Habitats 

Field of lupine flowers. BLM-managed land in Idaho. 
Photo by Justin Welty, U.S. Geological Survey
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Landscapes must also interconnect habitats to 
support plant-pollinator interactions, foraging 
capability, gene flow, and species richness (Steffan-
Dewenter and Tscharntke 1999; Nabhan 2001; 
Goverde et al. 2002; NRC 2007; Steffan-Dewenter 
and Westphal 2008; Bommarco et al. 2010; Cumming 
et al. 2015; Carman and Jenkins 2016; Dickson et 
al. 2017; Carrié et al. 2017). Land use activities may 
reduce the availability of interconnected habitats 
with resulting effects to pollinator species. For 
example, many native bees with small body sizes 
have small foraging ranges, meaning that they 
may not be able to move between habitat patches 
to effectively pollinate many plant species (NRC 
2007; Delnevo et al. 2020). Habitat fragmentation 
from facilities such as wind farms may negatively 
affect migratory movements of bats (Ellison 2012). 
Hummingbirds and other pollinators may lack 
sufficient nectar habitat “stepping stones” to sustain 
long distance and local migratory movements 
(Nabhan 2001; Burke et al. 2019).

Federal lands are important for habitat connectivity 
on a landscape level, and BLM-managed lands are 
particularly important due to topography, fewer 
hydrographic barriers to ecological flow, and large 
expanses of undeveloped areas offering connected 
habitats (Dickson et al. 2017). Approximately 1.5 
million acres of natural areas were lost annually, 
across all ownerships, in the contiguous U.S. from 
2001 to 2017 (Theobald et al. 2019). From 2001 
to 2011, BLM-managed lands incurred habitat 
loss of approximately 2.3 percent (Theobald et al. 
2016). On BLM-managed lands, habitat loss and 
fragmentation can occur from land development 

activities such as energy development (renewable 
and nonrenewable), mines and mineral material 
sites (e.g., sand, stone, gravel), rights-of-way (e.g., 
transmission lines, roads), and fences. Ongoing 
habitat loss and fragmentation are expected across 
the West due to increased energy demands (e.g., 
oil and gas, geothermal, wind, and solar sources) 
(Northrup and Wittemyer 2013). According to 
data from 2015 to 2020 in “Public Land Statistics,” 
the BLM issues approximately 110,000 lands and 
minerals grants and rights-of-way each year, 
averaging more than 1.2 million acres annually (BLM 
2021b). As such, management of development 
projects using methods that reduce impacts to 
pollinators and their habitat is imperative. The BLM 
is actively working to ensure existing and future 
projects, especially renewable energy development, 
avoid or minimize impacts to pollinators.

The BLM has substantial opportunities to 
positively reduce and restore habitat loss and 
fragmentation by identifying priority pollinator 
habitats and proactively conserving large 
geographic areas and habitat connectivity 
corridors. The BLM can achieve pollinator habitat 
protection through internal program collaboration 
in land use planning processes (e.g., areas of 
critical environmental concern, research natural 
areas), habitat protection through conservation 
easements or Land and Water Conservation Fund 
acquisitions, and developing proactive project 
design features. The BLM can foster partnerships 
with other land management agencies such as 
the U.S. Forest Service, National Park Service, and 
tribes to identify and protect priority habitats, 

Left to right: A large column of smoke produced by the Archie Fire in Oregon; nonnative invasive annual grass  
in Nevada; and herbicide application in New Mexico.
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such as connectivity corridors, for pollinators. 
Partnerships, such as with the National Fish and 
Wildlife Foundation, can help the BLM leverage 
additional funding opportunities focusing on 
habitat protection.

frequency (Pyke et al. 2016), displace rare plant 
and animal species (Dangremond et al. 2010), 
serve as reservoirs for plant pathogens (Vilcinskas 
2015), and replace complex communities with 
simple communities (Hobbs et al. 2006; Belnap 
and Phillips 2001; Pyke et al. 2016). Nonnative 
species can also directly or indirectly (i.e., through 
altered wildfire cycles) destroy wildlife habitat and 
forage availability (Coates et al. 2015). 

3.2.1.1. Nonnative Invasive Plants
In some degraded ecosystems, nonnative 
invasive plants increase foraging opportunities 
for pollinators (NRC 2007; Drossart et al. 2017). 
However, more typically, nonnative invasive plants 
outcompete native plants or reduce pollinator 
habitat quality due to lower plant diversity (Levine 
et al. 2003; Vilà et al. 2011; Stout and Tiedeken 
2017; Vanbergen et al. 2017). Nonnative invasive 
plant species also reduce pollinator visitation, 
pollen deposition, seed set, reproductive success, 
and diversity of native forbs (Aguirre-Gutiérrez et 
al. 2015; Bruckman and Campbell 2016; Orford et 
al. 2016; Papanikolaou et al. 2017). For example, 
the invasion of nonnative plants and postfire 
conversion of southwestern desert habitats into 
grasslands eliminates the diversity of native plant 
species that are important for pollinating birds 
and bat foraging and roosting sites (USFWS 2018a; 
USFWS 2018b; Alexander et al. 2020). Pollinating 
bees also have specific dietary sources and nutrient 
requirements only found where there are diverse 
floral resources (Vanbergen et al. 2017); therefore, 
decreases in floral composition due to nonnative 
invasive plants adversely affects native bees.

3.2 Habitat Degradation

Habitat degradation includes changes that 
diminish the capacity of the environment to 
provide food and shelter (habitat) for wildlife and 
plant species at the individual and population 
level. On BLM-managed lands, pollinator habitat 
degradation results from factors such as invasive 
species, ungulate grazing, artificial lighting at 
night, increased fire frequency (see section 
3.3, Climate Change), and off-highway vehicle 
recreation (Knop et al. 2017; McKenna et al. 2001; 
Stout and Tiedeken 2017). Land development 
(e.g., mining, energy development, roads) can also 
cause habitat degradation and was discussed in 
section 3.1, Habitat Loss and Fragmentation.

3.2.1 Nonnative Species

The introduction, establishment, and spread of 
nonnative plant and animal species is widely 
recognized as one of the most serious threats 
to the health, sustainability, and productivity of 
native ecosystems (Holmes et al. 2009; Mack et al. 
2000; Pyšek et al. 2012). Nonnative invasive species 
reduce biodiversity (Doherty et al. 2016; Powell et 
al. 2011), alter hydrologic conditions (Le Maitre et 
al. 2015) and soil characteristics (Klironomos 2002; 
Belnap and Phillips 2001), change fire intensity and 

Left to right: Geothermal energy facility, wind turbines, and solar panels.
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Given the acreage and extent of invasive species 
occurrences on BLM-managed lands, invasive 
species management is important for successful 
pollinator conservation efforts.

3.2.1.2. Honey Bees
Honey bees arrived in the New World following 
their intentional introduction in the 16th and17th 
centuries for honey and wax production (Pierce 
and Sutherland 2017; Texas A&M University 2006; 
Han et al. 2012). Today, their primary value is crop 
pollination (e.g., almonds and fruit trees, primarily 
in California) and honey production, which in 
large commercial orchards and agricultural 
fields is typically accomplished by migratory 
beekeepers. There are approximately 2.7 million 
commercial honey bee operations in the United 
States (USDA 2019).

Native plants and pollinators coexist in a symbiotic 
relationship that is essential to biodiversity and 
ecosystem function (NRC 2007). Although honey 
bees are effective pollinators of some plants, 
they can negatively impact native plants and 
plant communities by their inability to efficiently 
pollinate many species, including many rare 
plants. For example, approximately 15,000-
20,000 species of flowering plants require “buzz 
pollination” which many species of bees, other 
than honey bees, conduct by contracting their 
flight muscles, producing strong vibrations that 
they direct onto the flower anther using their 
legs and mouth parts (De Luca and Vallejo-Martín 
2013). In addition to affecting plant reproduction, 
honey bees are a potential threat to native plant 
populations, as they often preferentially forage on 
and thereby spread invasive plants (Butz Huryn 
and Moller 1995; Morales and Aizen 2002; Hanley 
and Goulson 2003).

In North America, there are about 4,000 species of 
native bees, the vast majority of which are solitary, 
not social. Alternatively, honey bee colonies act as 
“superorganisms” and are remarkably efficient at 
scouting, finding, and monitoring floral resources 
as far as 4-5 miles from their hive (Seeley 1995). As 
such, growing evidence shows that honey bees 
outcompete many native bees for finite pollen 
and nectar resources. For example, Cane and 

On BLM-managed lands, nonnative invasive plants 
are a major threat to the health of native plant and 
pollinator communities. Of the 245 million acres 
managed by the BLM, approximately one-third (79 
million acres) are impacted by nonnative invasive 
plants (BLM 2016). Moreover, invasive plants are 
increasing across these lands. The estimated rate 
of the spread of invasive grasses on public lands is 
4,300 acres per day, or 10 to 15 percent annually 
(BLM 2016). The percent of BLM-managed lands 
where invasive plants are abundant (greater than 
25 percent of vegetation cover) has increased, 
from about 17 to 25 percent from 2011 to 2018 
(BLM 2021a). The suppression of native forb 
diversity due to nonnative invasive species such 
as cheatgrass is most notable in the Great Basin 
and Mojave and Sonoran Deserts (Brenner and 
Kanda 2013; Brooks et al. 2016; Marshall et al. 
2012; Underwood et al. 2019; Abella 2020), which 
comprise more than 53 percent of BLM-managed 
public lands outside of Alaska.

The ability to effectively control invasive grasses 
and other invasive plants is limited by the 
expansive extent of the invasion, a lack of effective 
controls tools, and limited funding and staffing 
levels. For example, the BLM annually treated 
an average of 315,000 acres of invasive plants 
using herbicides from 2006 to 2012 (BLM 2016). 

Western honey bee (Apis mellifera) 
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Tepedino (2017) calculated that during a single 
summer, a 40-hive apiary (10,000-60,000 honey 
bees) residing on wildlands for 3 months collects 
pollen equivalent to what four million native bees 
would collect.

As of 2021, approximately 51 apiaries were 
permitted on BLM-managed lands in Idaho, 
according to the BLM Idaho State Office, and 
as of 2018, 32 apiary permits were in place in 
California. In accordance with DOI Departmental 
Manual, part 516, chapter 11, apiaries are often 
authorized by BLM realty staff using a categorical 
exclusion. The number of unauthorized apiaries on 
BLM-managed lands is unknown but is occurring 
in many states, likely at low numbers in most 
areas. Recent research outlines potential impacts 
to native pollinators, native vegetation, and 
ecological function, which may result in a need for 
an environmental assessment in some cases.

the population impacts of these nonnative animal 
species to pollinators on BLM lands is not available.

3.2.2. Ungulate Grazing

Ungulate grazing is one of the main drivers 
of plant community structure and ecosystem 
function in arid and semiarid grassland ecosystems 
(Zheng et al. 2010; Wu et al. 2015; Eldridge et 
al. 2016). Yet, the interaction between grazing, 
pollinators, and plants is complex and not well 
understood (NRC 2007; Yoshihara et al. 2008). 
Although properly managed ungulate grazing 
can lead to increases in foraging opportunities 
for pollinators in some ecosystems (NRC 2007; 
Porensky et al. 2020), the long-term effects of 
improper grazing by ungulates, including wild 
horses and burros, is a significant cause of plant 
community degradation (Bai et al. 2012; Li et al. 
2011). Negative consequences of improper grazing 
can include reductions in native plant diversity, 
changes in plant community composition, and 
overall loss of flowering plants, shrubs, and 
grasses (Herrero-Jáuregui and Oesterheld 2018; 
Souther et al. 2019).

The effects of grazing on pollinators are 
dependent on pollinator species and habitat 
types. Some bees do best in ungrazed grasslands/
shrublands with higher levels of native flowering 
resources (Stein et al. 2020). However, the type 
of grazing system appears to have an influence 
on bee densities and abundances. For example, 
the bee genus Halictus is more associated with 
fall grazed pastures, and the genus Bombus is 

Left to right: Wild horses trailing through the Swasey Herd Management Area in Utah (by Tom Flatch); domestic sheep 
grazing on public lands; and cattle at the Agua Fria National Monument in Arizona.

3.2.1.3 Nonnative Animals 
Some nonnative animal species prey on pollinators. 
Monarch butterfly eggs and larvae are preyed upon 
by nonnative species such as European starlings, 
Eastern fox squirrels, European paper wasps, and 
fire ants (WAFWA 2019; Baker and Potter 2020). The 
European wasp has caused significant reductions 
in monarch population abundance (McGruddy et 
al. 2021), and the Eastern fox squirrel is a primary 
predator at monarch butterfly overwintering sites 
in California (WAFWA 2019). Nonnative praying 
mantises are released in gardens to control insect 
pests, and these large insects are known to prey on 
hummingbirds (Nyffeler et al. 2017). Information on 
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more associated with pastures that are rested 
or have low-intensity grazing (Blanchette 2019). 
Grazing can decrease milkweed and nectar plant 
availability, contributing to monarch butterfly 
declines (WAFWA 2019). Although grazing can 
affect nectivorous bat forage resources, such as 
agaves and saguaros, it does not appear to result 
in reduced occupancy or numbers of roosting 
lesser long-nosed bats (USFWS 2018a).

The BLM manages livestock grazing on 155 
million acres of public lands, or 63 percent of BLM-
managed lands. To achieve desired conditions on 
the public lands, the BLM uses rangeland health 
standards and guidelines. Rangeland health is 
defined as the degree to which the integrity of 
the soil, vegetation, water, and air, as well as the 
ecological processes of the rangeland ecosystem, 
are balanced and sustained (Pellant et al. 2020). 
The three attributes of rangeland health are soil/
site stability, hydrologic function, and biotic 
integrity (Pellant et al. 2020). Biotic integrity is 
defined as the capacity of the biotic community 
(i.e., plants, animals, insects, and microorganisms) 
to support ecological processes of a site. 
Ecological processes functioning within a natural 
range of variability support specific plant and 
animal communities.

Recently analyzed rangeland health assessments 
show most BLM lands (79 to 86 percent) are 
functioning with none to slight or slight to 
moderate departure from reference conditions in 
terms of any of the three attributes (BLM 2021a). 
However, biotic integrity is declining in many 

ecoregions, which reduces the ability of associated 
plant and animal communities (including 
pollinators) to sustain ecological processes (Karl 
et al. 2016).

Left to right: Tamarack Fire near the California and Nevada border (by Matt Smith); area with off-highway vehicle use;  
and nonnative invasive black henbane near the Kemmerer Field Office in Wyoming.

3.2.3. Altered Fire Regimes

On BLM-managed lands, one of the most 
significant causes of pollinator habitat degradation 
is related to changes in fire frequency and 
intensity that result in a profusion of nonnative 
invasive plant species (section 3.2.1.1, Nonnative 
Invasive Plants). For example, considerable 
evidence shows that fire frequency and intensity 
increased in the Great Basin because of a large 
expansion of invasive annual grasses (Brooks et 
al. 2004; Chambers et al. 2014). Areas with one 
to five percent cover of invasive grass in the 
Intermountain West are twice as likely to burn as 
lands with less than one percent cover of invasive 
grass (Bradley et al. 2017). 

Fire is known to promote invasion by nonnative 
plant species because they are responsive to 
disturbance and benefit from the competition-
free, nutrient-rich environments that often result 
from fire, particularly in wet years (Rao and 
Allen 2010; Steers and Allen 2011). Flammable 
nonnative invasive plant species can initiate a 
feed-back loop in which fire-promoted exotics 
further alter the fire regime to the detriment 
of native species (D’Antonio and Vitousek 
1992; Brooks et al. 2004). Postfire seeding is 
an important management tool for increasing 
postfire diversity and increasing competition 
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with nonnative species (Peppin et al. 2014). BLM 
postfire emergency stabilization and rehabilitation 
seedings are a critical tool for increasing native 
species diversity that supports healthy pollinator 
populations. The limited commercial availability of 
genetically appropriate (i.e., locally adapted) native 
seed, and in particular seed for species beneficial 
to pollinators, is an issue identified in the “National 
Seed Strategy for Rehabilitation and Restoration” 
and is currently being addressed through effective 
collaboration by the BLM Plant Conservation and 
Restoration Program and other interagency and 
nonfederal partners (PCA 2015; PCA 2021). 

The effects of wildfire, in the absence of 
nonnative invasive plants, may have positive 
effects on pollinator diversity by increasing floral 
resources available to pollinators (Burkle et al. 
2019; LaManna et al. 2021). For example, some 
hummingbird species in parts of the Western U.S. 
evolved with greater historical wildfire frequency 
and intensities and have adapted to take 
advantage of increases in early successional native 
forb species following fire (Alexander et al. 2020). 

However, much of the western shrubland/
grassland communities are now colonized by 
nonnative invasive annual grasses or nonnative 
perennial grass cultivars that alter fire regimes and 
interfere with postfire recovery by suppressing 
the persistence and recruitment of many native 
forbs (Beyers 2004; Fusco et al. 2019). Western 
shrubland and desert habitats that are invaded by 
nonnative plant species are often unsuitable for 
postfire establishment of columnar cacti and other 
food resources used by pollinating bats and some 
species of hummingbirds (USFWS 2018a; USFWS 
2018b; Alexander et al. 2020). 

According to BLM Public Land Statistics data, 
between 2011 and 2020, approximately 9.1 million 
acres of BLM-managed lands were burned by 
wildfires. Given the extent of wildfires across the 
West and the likely long-term effects of climate 
change (section 3.3, Climate Change), wildfires, 
along with invasive plant species expansion, are 
likely to continue to change habitats, by altering 
vegetation composition and ecosystem processes 
across the landscape.

3.2.4. Off-Highway Vehicle Recreation

Unauthorized cross-country off-highway vehicle 
(OHV) use adversely affects soils, watersheds, 
native plant communities, and wildlife habitat by 
decreasing plant species diversity, fragmenting 
habitat, reducing connectivity, and introducing 
edge effects (Ouren et al. 2007). Off-trail OHV 
use diminishes biodiversity by removing 
vegetation, suppressing plant growth, and 
facilitating colonization by nonnative species 
(Luckenbach and Bury 1983; Ouren et al. 2007). 
These effects may reduce pollinator forb diversity 
and habitat conditions in highly used areas. Arid 
ecosystems such as the Mojave Desert may be 
most susceptible to resource damage from cross-
country travel because natural recovery can range 
from decades to centuries (Brooks and Lair 2005).

OHV recreation is an authorized use of public 
lands, unless specifically prohibited. In 2020, the 
BLM issued 725,098 recreation permits on public 
lands that included an estimated 159,104,000 
permitted and nonpermitted (casual) recreation 
users (BLM 2021b). The vast majority of public land 
users stay on existing roads and trails; however, a 
small percentage (estimated to be less than five 
percent by BLM staff) travel cross country which 
is prohibited in some areas. Even though this is 
less than 8,000,000 users, it is important given 
the cumulative and lasting nature of disturbance, 
especially in arid environments. The BLM has 
completed travel management on approximately 
20 percent of public lands. Completion of travel 
management plans on the remaining lands is 
a necessary step to specifically regulate cross-
country travel in resource management plans that 
limit OHV activity to existing roads and trails.

In summary, habitat degradation occurs on BLM-
managed lands due to many factors, including the 
introduction or persistence of nonnative species, 
ungulate grazing, altered fire regimes, and OHV 
recreation. Through this strategy, the BLM will 
proactively reduce impacts and restore habitats 
through planning processes and landscape-level 
conservation efforts. For example, the BLM can 
identify priority pollinator habitats, develop and 
implement vegetation treatments at a landscape 
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level to promote resilient native plant/pollinator 
communities, substantially improve and use native 
seed sources for habitat restoration efforts, and 
reduce the prevalence of nonnative species.

On BLM-managed public lands, 16 rapid 
ecoregional assessments (REAs) from 2010-
2012 (BLM 2022), describe potential changes 
to public lands as a result of climate change. 
These assessments describe increases in monthly 
average minimum temperatures, decreases in 
snow water equivalent, and subsequent increases 
in invasive species and fire frequency. These 
changes can affect native plant communities. In 
some areas, native plants could remain stable, 
expand, and contract as the predicted climate 
changes. The REAs may provide BLM staff insight 
into how pollinator habitat may also respond to 
climate change. 

A recent analysis of peer-reviewed literature, 
vegetation models, and BLM resource management 
plan (RMP) documents indicates a general lack of 
climate change management actions, directives, 
and science in most assessed BLM RMPs (Brice et al. 
2020). To better address climate change effectively, 
the BLM can focus on incorporating best available 
climate change science into RMP and project 
planning documents, managing projected increases 

Dagger fly (Dolichocephala sp.) by Derek Sikes, University  
of Alaska Fairbanks

3.3 Climate Change
Climate change can alter or disrupt plant-
pollinator relationships and habitats (NRC 
2007). Shifts in temperature and precipitation, 
concentrations of carbon dioxide (CO2) and ozone, 
and ultraviolet light levels change plant and 
pollinator life cycles and distribution, affecting 
plant-pollinator interactions and community 
structure and resulting in extinctions (NRC 2007; 
Wagner 2020; Wagner et al. 2021). Climate change 
may be the most geographically pervasive of 
all threats to pollinators and the one most likely 
to cause cumulative interactions with other 
threats (Halsch et al. 2021; Wagner et al. 2021). 
For example, the combined stressors of habitat 
loss and climate change likely resulted in or 
contributed significantly to declines in numerous 
butterfly and moth species in Britain (NRC 2007; 
Fox et al. 2014).

Effects of climate change on pollinators are 
dependent on species, latitudinal and altitudinal 
distributions, habitat conditions, and the yet 
unknown ability of pollinators and plants to adapt 
synchronously (Inouye 2020; NRC 2007; Scaven 
and Rafferty 2013; Vanbergen 2013). Shifting 
distributions and changes in flowering and fruiting 
timing may affect the timing and extent of forage 
availability for pollinating bats and hummingbirds 
(Croonquist and Brooks 1991; USFWS 2018a; USFWS 
2018b). Migrating pollinators (e.g., hummingbirds 
and bats) rely on corridors with flowers that bloom 
at the appropriate times to ensure metabolic 
replenishment during spring and fall migrations 
(NRC 2007). Shifts in seasonal temperature and 
precipitation patterns could result in reduced 
fruiting and seed set if pollinators and plants do 
not adapt to these changes synchronously (Kudo 
et al. 2004). In one study, significant differences 
in the phenology of plants and some bee species 
were detected in alpine regions during warmer 
than average years (Kudo 2014).
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in recreation and invasive species, restoring past 
disturbances, restoring habitats so they are more 
resilient to drought and wildfire, and increasing 
habitat connectivity.

plants, ingestion of contaminated pollen or 
nectar, or exposure to contaminated nesting sites 
or materials (Winfree et al. 2011; Xerces Society 
2021). Direct (lethal and sublethal) and indirect 
effects to nontarget species, including pollinators, 
varies widely based on the effected species, 
chemicals used, and application method. For 
example, several studies describe direct mortality, 
reductions in brood production and pollen 
consumption, and changes in the gut microbiota 
of bees after exposure to varying concentrations 
and applications of the insecticides diflubenzuron 
and carbaryl (Camp et al. 2020; Nogrado et al. 2019; 
Sharma and Abrol 2014; Smagghe et al. 2007). 
Pesticides should be used as part of an integrated 
pest management plan to minimize adverse 
impacts, but some potential impacts to pollinators 
can remain even after best management practices 
are implemented (Xerces Society 2018).

Herbicide treatments are generally intended to 
improve native plant communities. However, 
herbicide treatments can threaten pollinators 
due to loss of diverse floral resources (NRC 2007). 
Herbicides are often applied while plant species 
are flowering, reducing reproductive success of 
native plant populations. For example, herbicide 
use on BLM-managed lands may reduce pollinator 
host plants, such as milkweed, resulting in direct 

Greenish blue butterfly (Plebejus saepiolus) by Rick Fridell

3.4 Pesticides: Insecticides, 
Fungicides, and Herbicides
Pesticides are any substance or mixture of 
substances used to prevent, destroy, repel, or 
mitigate any pest, according to 7 U.S.C. 136. Many 
pesticides, including insecticides, fungicides, and 
herbicides are known to have adverse effects 
on a wide range of pollinators, including native 
butterflies and moths, bees, bats, and introduced 
honey bees (Xerces Society 2021). The toxicity of 
these pesticides to pollinators varies among taxa 
and depends on the chemical composition, mode 
of action, dosage, and timing of application. 

Insecticide and fungicide use is linked with insect 
and bat pollinator declines worldwide (Cullen et 
al. 2019). Sublethal doses of these pesticides are 
linked to increased bee and monarch butterfly 
mortality, reduced locomotion, impaired learning 
and memory, impaired foraging, and reduced 
immunity (Malcolm 2018; Pelton et al. 2019; Belsky 
and Joshi 2020). Sublethal doses of pesticides can 
decrease energy reserves in hummingbirds and 
bats, which is significant for species that have high 
metabolic rates, resulting in reduced reproductive 
and foraging success and increased difficulty 
emerging from periods of torpor (i.e., a state of 
slowed body functions used to conserve energy 
and heat) (English et al. 2021b; Oliveira et al. 2021).

Pesticide use is common in urban and agricultural 
settings adjacent to public lands. Pesticides are 
often used on public lands to control vegetation, 
pathogens, and insect outbreaks (e.g., Mormon 
crickets, grasshoppers, bark beetles). These 
pathogen and insect outbreak treatments are 
generally implemented by the U.S. Department 
of Agriculture (USDA) Animal and Plant Health 
Inspection Service and state agencies under 
BLM authorization. Pollinators on public lands 
may be exposed to pesticides in numerous ways, 
including direct contact with spray residue on 
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habitat loss for monarch butterflies (Pelton et al. 
2019). More research is needed to determine if 
there are lethal and sublethal effects to pollinators 
from herbicides (Cullen et al. 2019). 

Through implementation of this strategy, the BLM 
will work toward more targeted use of pesticides 
to improve pollinator habitats with minimal or no 
effects to pollinator species. The BLM will identify 
and conduct necessary science to identify and 
support the use of pesticides in targeted areas with 
effective best management practices. Coordination 
with other agencies such as the USDA Animal and 
Plant Health Inspection Service is also important 
for identifying pesticide avoidance areas to protect 
sensitive pollinator habitats.

3.5 Pathogens
In the last decade, the growth and spread 
of harmful pathogens and diseases resulted 
in pollinator population reductions, range 
contractions, regional population extinctions, 
and species extinctions (NRC 2007). White-nose 
syndrome is a rapidly spreading fungal disease 

affecting hibernating bats which causes skin 
lesions and disrupts natural torpor cycles, leading 
to high mortality during hibernation. Pollinating 
bats that utilize cave roost sites or undergo long 
periods of torpor could be susceptible to the 
disease (USFWS 2018a). Chalkbrood disease 
(caused by the fungal pathogen Ascosphaera 
aggregata) has harmed populations of alfalfa 
leafcutter bees (NRC 2007). There is growing 
evidence honey bees may also transmit diseases to 
native bees (e.g., deformed wing virus from honey 
bees to bumble bees) (Fürst et al. 2014; Burnham 
et al. 2021). Higher temperatures associated with 
climate change are expected to increase pathogen 
transmission and pollinator vulnerability to 
pathogens (Proesmans et al. 2021).

Through implementation of this strategy, the 
BLM will identify priority pollinator habitats that 
are negatively affected by pathogens. Working 
with federal, state, tribal, university, and nonprofit 
organization partners, the BLM will monitor 
priority habitats and identify and implement 
disease and pathogen monitoring and early 
detection and rapid response efforts.

Fairy bee (Perdita sp.) by Patrick Alexander, BLM
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The BLM will work to implement the following 
goals, objectives, and actions to support the BLM 
mission for the benefit of pollinator species and 
habitats. These goals, objectives, and actions 
identify research needs and proactive conservation 
efforts that align with the target outcome of 
restoring or enhancing habitat for pollinators from 
the White House’s “National Strategy to Promote 
the Health of Honey Bees and Other Pollinators” 
(Pollinator Health Task Force 2015).

4.1 Goal 1: Inventory BLM-
managed lands and identify 
management needs for 
pollinators.
Objective 1.1. Develop and implement pollinator 
inventories, monitoring, and trend assessments on 
BLM-managed lands.

Actions
1.1.1. Evaluate the use of indicator species, 
and, if appropriate, identify species that can be 
used to monitor broader population and habitat 
condition trends based on taxonomic groups. 

1.1.2. Identify, develop, and implement 
inventory and monitoring protocols, including 
standard operating procedures, for priority 
pollinators.

1.1.3. Develop a centralized inventory 
and monitoring database and document/
photograph/video depositories for shared use 
across BLM programs (incorporated into existing 
BLM data systems, as feasible). 

1.1.4. Identify opportunities to collaborate 
with other federal, state, tribal, university, and 
nonprofit organization partners on pollinator 
inventory and monitoring efforts. 

Objective 1.2. Inventory, monitor, and assess 
pollinator habitat condition.

Actions
1.2.1. Analyze existing Assessment, Inventory, 
and Monitoring (AIM) Pollinator Supplemental 
Indicator (APSI) data to refine AIM protocols 
as needed to better meet BLM pollinator 
management needs.

1.2.2. Adopt APSI as a formal AIM supplemental 
indicator and incorporate into the Landscape 
Toolbox for pollinators.

1.2.3. Identify and develop standard operating 
procedures for collecting, managing, and storing 
APSI data.

1.2.4. Develop priority pollinator species 
distribution maps, habitat connectivity, and 
migratory maps for BLM-managed lands using 
existing data sources, to assist with identifying 
inventory and monitoring sites for priority 
pollinator species.

1.2.5. Support, implement, and promote 
vegetation mapping using the National 
Vegetation Classification (NVC) Standard and 
select/support the use of other vegetative 
mapping efforts (such as LANDFIRE, AIM, 
etc.) that would be best to develop base 
vegetation layers for pollinator habitat condition 
assessment and mapping.

4.0 Strategy Goals, Objectives, and Actions
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4.2 Goal 2: Implement proactive 
efforts to conserve and restore 
pollinator habitats.
Objective 2.1. Proactively address habitat loss, 
fragmentation, and degradation resulting from 
land use authorizations by restoring, enhancing, 
and connecting pollinator habitat.

Actions
2.1.1. Conserve large geographic areas by 
protecting, maintaining, or restoring habitats 
and ecosystems that support the conservation 
and recovery of pollinators (e.g., land use 
allocation decisions that avoid impacts through 
no surface occupancy or exclusions; identifying 
and implementing conservation measures 
that minimize impacts of land use activities; 
identifying and managing areas of critical 
environmental concern and research natural 
areas for pollinator habitat conservation; 
removing barriers to species movements, 
thereby improving habitat connectivity).

2.1.2. Establish and maintain desirable 
measurable outcomes for pollinators and their 
habitats (e.g., population persistence; restoring 
a certain percentage of degraded habitat within 
a species’ historic range; restoring, conserving, 
or managing a certain percentage of a species’ 
habitat to ensure attainment of recovery plan 
goals and objectives).

2.1.3. Develop proactive project design features 
early in the planning process with a focus on 
avoiding impacts or restoring habitats for 
pollinators. If mitigation is needed to offset 
unavoidable impacts to sensitive pollinator 
species, ensure that a net conservation benefit is 
achieved for special status species where feasible.

2.1.4. Use Land and Water Conservation Funds 
to acquire important lands and/or easements 
to further special status pollinator habitat 
management and conservation. 

2.1.5. Develop and implement vegetation 
treatments that promote resilient native plant 

communities using genetically appropriate (i.e., 
locally adapted) seed sources. Ensure BLM seed 
mixes and restoration efforts support pollinators 
by including locally or regionally appropriate 
native plant species that support foraging, 
nesting, and migratory habitat.

2.1.6. Develop and implement projects that 
reduce threats to priority pollinator species from 
fire, drought, disease, and invasive species.

2.1.7. Use propagation and translocation 
management techniques, as needed, to develop, 
reestablish, or enhance pollinator populations 
and habitat.

2.1.8. Develop reliable adaptive management 
triggers where useful to ensure continued 
viability and improvement of special status 
species populations.

2.1.9. Develop native seed sources and 
rehabilitation mixes to restore pollinator habitat. 
Coordinate with the Plant Conservation and 
Restoration Program to identify and prioritize 
plant species and seed sources based on seed 
transfer guidance for seed collection, seed 
increase, and inventory management through 
the National Seed Warehouse System.

2.1.10. Analyze vegetation project/treatment 
placement and design to help reduce habitat 
loss and fragmentation when pollinators are 
affected. 

Objective 2.2. Understand, manage, and minimize 
the threats posed by nonnative invasive species, 
pesticides, and pathogens on public lands.

Actions
2.2.1. Annually coordinate field office pollinator 
project needs across HQ-230 (Division of Wildlife 
Conservation, Aquatics, and Environmental 
Protection), HQ-220 (Division of Forest, Range, 
and Vegetation Resources), Invasive Species 
Program, Fire and Aviation, Fire and Fuels, 
and Emergency Stabilization and Burned Area 
Rehabilitation to maximize treatment benefits 
for pollinators.
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2.2.2. Prioritize invasive species treatments 
where priority pollinator habitat is threatened by 
nonnative annual grasses and fire (including the 
Great Basin and Mojave and Sonoran Deserts). 

2.2.3. Prioritize and implement invasive 
plant species treatments in priority pollinator 
wetlands and riparian habitats.

2.2.4. Coordinate with the Animal and Plant 
Health Inspection Service (APHIS) to minimize 
the broadscale use of pesticides on BLM-
managed lands and develop effective best 
management practices. Coordinate with APHIS, 
line officers, and staff to ensure appropriate 
science is available for National Environmental 
Policy Act (NEPA) decision making regarding 
widescale pesticide applications.

2.2.5. Identify and implement disease and 
pathogen monitoring of insect pollinators to 
improve early detection and rapid response 
preparedness efforts, in coordination with BLM 
partners. Consider the potential to spread honey 
bee pathogens to wild bee populations in apiary 
permits.

2.2.6. Coordinate with agency partners to 
monitor and control the presence of nonnative 
species and pathogens where they impact 
pollinators on BLM-managed lands.

Objective 2.3. Identify and minimize the effects of 
habitat fragmentation and loss and the effects of 
climate change.

Actions
2.3.1. Use geospatial modeling to identify 
potential shifts in the distribution of individual 
priority pollinator species and habitats and 
associated avoidance areas, in response to 
climate change.

2.3.2. Address the effects of climate change 
on priority pollinator species/habitats at the 
resource management plan level by identifying 
potential ecosystem/habitat changes resulting 
from shifts in the climate envelope and 
proposing management alternatives to address 
these impacts. For example, where modeling 
indicates priority pollinator habitat is at risk, a 
potential management alternative could be to 
minimize nonclimate-related stressors, such as 
reducing livestock grazing animal unit months 
or implementing travel management.

Kern’s flower scarab (Euphoria kernii)  
by Patrick Alexander, BLM

Bee fly (Pantarbes sp.) by Patrick Alexander, BLM
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4.3 Goal 3: Improve BLM business 
practices, policies, and planning 
for pollinator conservation.

Objective 3.1. Ensure that the BLM proactively 
incorporates pollinator conservation and 
management practices into its core business 
practices.

Actions
3.1.1. Establish standard best management 
practices (BMPs) for all vegetation and fuel 
management projects to minimize impacts 
to pollinators and ensure appropriate BMPs 
are included in future manual revisions and 
as stipulations in land use authorizations and 
automated in the Mineral and Land Records 
System. Ensure BLM field offices have the capacity 
to monitor project proponent compliance with 
biological right-of-way stipulations.

3.1.2. Coordinate with all relevant BLM 
programs to specifically prioritize conservation 
efforts for pollinators; incorporate pollinator-
friendly practices, project planning, and 
implementation; use native seeds in restoration 
efforts; and facilitate monitoring and adaptive 
management.

3.1.3. Collaborate with pollinator experts, state 
wildlife agencies, and the USFWS to identify best 
strategies and adaptive management practices 
for managing pollinators.

3.1.4. Identify priority pollinator habitats at 
the field office level (using guidance and tools 
developed at Headquarters and state office 
levels) and develop guidance on evaluating 
the scope and intensity of project effects on 
pollinators to assist with NEPA analyses (e.g., 
determination of environmental assessment or 
categorical exclusion-level review).

3.1.5. Conduct field/state office data calls for 
pollinator project needs and compile a summary 
of state and field office projects and habitat 
restoration needs. Work internally and with 

partners to prioritize and implement landscape-
level habitat restoration efforts. Integrate 
and coordinate pollinator projects with other 
vegetation management activities.

3.1.6. Prioritize the use of ESA section 7(a)(1)  
proactive conservation directives to support 
pollinator habitat management (see Objective 2.1).

3.1.7. Use habitat connectivity guidance to 
support pollinator habitat management. 

3.1.8. Describe cumulative and landscape-
level effects of land use activities on pollinators 
in NEPA and ESA section 7 analyses. Address 
habitat loss and fragmentation effects on 
pollinators by developing a process to (1) 
proactively avoid impacts resulting from land 
use authorizations and (2) restore and enhance 
habitats and connectivity at landscape levels.  
Where impacts to pollinators cannot be avoided 
and minimized during NEPA or ESA section 7 
consultations, fully mitigate residual impacts as 
appropriate.

3.1.9. Ensure that BLM authorized permits, 
leases, and applications to drill support 
pollinator habitat management during all 
project phases such as permitting, operations, 
maintenance, termination, and reclamation. 

3.1.10. Ensure travel management planning 
considers pollinators and pollinator habitats.

Objective 3.2. Develop and ensure BLM policy 
and guidance are updated and effective at 
integrating pollinator species and habitat 
conservation and management into program 
operations.

Actions
3.2.1. Develop policy, information tools, and 
geospatial tools to identify, track, and manage 
priority pollinator habitats, connectivity, 
migration corridors, and impacts, including 
cumulative effects resulting from BLM land use 
authorization and use to improve NEPA and ESA 
section 7 analyses at local and rangewide scales. 
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3.2.2. Develop pollinator policy and guidance 
for landscape and ecosystem-level conservation 
and restoration of pollinator habitat and 
connectivity.

3.2.3. Identify appropriate pollinator species for 
BLM special status species lists. Review the status 
of special status priority pollinator taxa and their 
habitats every 5 years or sooner, as necessary.

3.2.4. Update or renew BLM policy and guidance 
regarding the conservation and management 
of pollinator species and habitats, such as 
BLM Manual 6500, “Wildlife and Fisheries 
Management”; BLM Manual 6840, “Special 
Status Species Management”; and Instruction 
Memorandum 2016-023, “Reducing Preventable 
Wildlife Mortalities.”

3.2.5. Work with BLM Lands and Realty to 
develop national guidance for permitting 
apiaries on public lands.

3.2.6. Update rangeland health assessment 
guidance to consider floral resources and 
pollinator habitats or create a separate assessment 
that can better identify pollinator needs.

4.4 Goal 4: Increase science 
support tools and information 
for pollinator species and habitat 
management.

Objective 4.1. Increase the availability of technical 
resources for BLM personnel regarding pollinators.

Actions
4.1.1. Model population/habitat distributions of 
priority/indicator taxa (e.g., monarch butterfly, 
western bumble bee) where needed to identify 
priority pollinator habitat and implement 
proactive conservation efforts. 

4.1.2. Utilize existing and develop new 
geospatial tools (e.g., Vegetation Management 
Action Portal) to inform and track management 
decisions and restoration treatments where 
nonnative species threaten terrestrial and 
aquatic pollinator habitat.

4.1.3. Develop science products that describe 
impacts to ecosystems, pollinator populations, 
or habitat from broadscale pesticide 
applications, grazing, oil and gas, and other land 
use authorizations on BLM-managed lands. 

4.1.4. Work with the USFWS, NatureServe, 
nongovernmental organizations, and state 
heritage programs as needed to inform species 
status assessments.

4.1.5. Promote the development of emerging 
technologies, such as unmanned aircraft 
systems, artificial intelligence, radiotelemetry, 
and remote sensing with specific application to 
pollinator habitat.

4.1.6. Map and prioritize pollinator habitats 
and migratory pathways for conservation and 
protection from their threats at regional and 
larger scales.

Monarch butterfly larva (Danaus plexippus) by S. Damon, 
BLM
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4.5 Goal 5: Increase 
communication and collaboration 
internally and with BLM partners.

Objective 5.1. Increase internal awareness, 
information exchange, and coordination of 
pollinator resources and activities on BLM-
managed lands. 

Actions
5.1.1. Identify and facilitate opportunities for 
coordination across BLM programs to implement 
pollinator conservation efforts. 

5.1.2. Increase staff awareness and 
consideration for pollinators as they implement 
BLM management actions by communicating 
policy and creating internal education, outreach, 
and interpretation materials.

5.1.3. Develop and submit an annual summary 
of pollinator research and conservation activity 
reports to Headquarters for distribution though 
the Executive Leadership Team. 

5.1.4. Develop/implement pollinator-related 
training for BLM staff tailored to individual 
program needs, such as pollinator identification 
for field staff, pollinator awareness training as 
part of pesticide use training, and pollinator 
conservation during the NEPA process.

5.1.5. Centralize species status information, 
occurrence records, range, and distribution 
information so it is readily accessible to BLM 
staff. For example, use the Science in Practice 
Portal to centralize, compile, and serve 
information about pollinators to field staff. 

5.1.6. Continue to convene regular meetings of 
the BLM Pollinator Coordinators group to allow 
for ongoing communication and collaboration.

5.1.7. Provide internal and identify external 
funding opportunities for pollinator 
conservation efforts that will benefit BLM 
management.

Objective 5.2. Engage external partners to 
increase external awareness of pollinators and to 
advance mutual priorities and promote efficiency. 

Actions
5.2.1. Increase public awareness of BLM 
pollinator resources by creating public 
education, outreach, and interpretation 
materials that share information on BLM 
pollinator populations and habitat management 
activities, including invasive species.

5.2.2. Engage the public and youth in BLM 
pollinator activities or Public Lands Day events.

5.2.3. Identify opportunities to collaborate 
with federal, state, tribal, university, and 
nonprofit organization partners on pollinator 
conservation, inventories/monitoring, data 
management, education, and outreach.

5.2.4. Identify opportunities to collaborate 
and work across administrative boundaries to 
implement and promote landscape conservation 
activities. 

5.2.5. Participate in local, regional, and 
national workgroups and partnerships to 
promote pollinator conservation, including, 
but not limited to: DOI Pollinator Conservation 
Coordination Group, Federal Native Bee 
Monitoring Task Force, Monarch Joint Venture, 
North American Pollinator Protection Campaign, 
Plant Conservation Alliance, Xerces Society for 
Invertebrate Conservation, National Wildlife 
Federation, Bat Conservation International, 
Western Association of Fish and Wildlife 
Agencies, and Association of Fish and Wildlife 
Agencies working groups.

5.2.6. Participate in the US National Native Bee 
Monitoring Research Coordination Network to 
develop and implement the national native bee 
monitoring plan.

5.2.7. Coordinate with state agencies to include 
pollinators in State Wildlife Action Plans.
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5.0 Conclusion
Pollinators face ever-increasing challenges to 
their survival. From habitat loss and expanding 
development to rises in disease and impacts 
from climate change, the Nation’s pollinators 
are undergoing unprecedented declines. This 
strategy provides a framework for bureauwide 
conservation of pollinators and their habitats. 

These goals, objectives, and actions are part of 
a comprehensive effort to manage resources 
internally and with BLM partners by reducing land 
resource conflicts, increasing ecological resiliency, 
and protecting pollinators for their ecological 
and economic value and the enjoyment of future 
generations.

Lesser long-nosed bat (Leptonycteris yerbabuenae) by Tom Vezo/Minden Pictures
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6.0 Laws and Policies Guiding Pollinator 
Management
Federal Laws
Endangered Species Act
Federal Land Policy and Management Act
Federal Noxious Weed Act
Fish and Wildlife Coordination Act
John D. Dingell, Jr. Conservation, Management, and 

Recreation Act
National Environmental Policy Act
National Invasive Species Act
Nonindigenous Aquatic Nuisance Prevention and 

Control Act
Plant Protection Act
Public Rangelands Improvement Act
Surface Mining Control and Reclamation Act
Migratory Bird Treaty Act

Administrative Policies
Executive Order 11990 – Protection of Wetlands
Executive Order 13112, as amended by Executive Order 

13751 – Safeguarding the Nation from the Impacts of 
Invasive Species

Executive Order 13175 – Consultation and Coordination 
with Indian Tribal Governments

Executive Order 14008 – Tackling the Climate Crisis at 
Home and Abroad

Department of the Interior Manual 
• Chapter 517: Pesticides
• Chapter 524: Invasive Species Management 

BLM Policies
Manual 1601 – Land Use Planning
Manual 1626 – Travel and Transportation Management
Manual 1737 – Riparian-Wetland Area Management
Manual 1740 – Renewable Resource Improvements  

and Treatments
Handbook H-1740-2 – Integrated Vegetation  

Management Handbook
Manual 1745 – Introduction, Transplant, Augmentation,  

and Reestablishment of Fish, Wildlife 
and Plants

Manual 6100 – National Landscape Conservation  
System Management

Manual 6340 – Management of Designated  
Wilderness Areas

Manual 6400 – Wild and Scenic Rivers
Manual 6500 – Wildlife and Fisheries Management
Manual 6521 – State Agencies (cooperative relations)
Manual 6522 – Federal Agencies (cooperative relations)
Manual 6523 – Nongovernmental Organizations  

(cooperative relations)
Manual 6524 – Research
Manual 6525 – Sikes Act Wildlife Programs
Manual 6600 – Fish, Wildlife, and Special Status Plant  

Resources Inventory and Monitoring
Manual 6602 – Integrated Habitat Inventory and  

Classification System
Manual 6720 – Aquatic Resource Management
Manual 6721 – Reservoirs
Manual 6780 – Habitat Management Plans
Manual 6840 – Special Status Species Management
Manual 7200 – Water Resources
Manual 7240 – Water Quality
Manual 9011 – Chemical Pest Control
Handbook H-9011-1 – Chemical Pest Control
Manual 9015 – Integrated Weed Management

Cactus bee (Diadasia sp.) by Patrick Alexander, BLM



STRATEG
IC PLA

N
 FO

R PO
LLIN

ATO
R CO

N
SERVATIO

N

25

7.0 References
Abella, S.R. 2020. Cover–biomass relationships of an 

invasive annual grass, Bromus rubens, in the Mojave 
Desert. Invasive Plant Science and Management 13 
(4): 288-292.

Abramson, G., C.A. Trejo Soto, and L. Oña. 2011. The role 
of asymmetric interactions on the effect of habitat 
destruction in mutualistic networks. PloS One 6 (6): 
e21028.

Aguirre-Gutiérrez, J., J.C. Biesmeijer, E.E. van Loon, M. 
Reemer, M.F. Wallis De Vries, and L.G. Carvalheiro. 
2015. Susceptibility of pollinators to ongoing 
landscape changes depends on landscape history. 
Diversity and Distributions 21 (10): 1129–1140.

Alexander, J.D., E.J. Williams, C.R. Gillespie, S. Contreras-
Martínez, and D.M. Finch. 2020. Effects of Restoration 
and Fire on Habitats and Populations of Western 
Hummingbirds: A Literature Review. Gen Tech Rep 
RMRS-GTR-408. U.S. Department of Agriculture, U.S. 
Forest Service, Rocky Mountain Research Station, 
Fort Collins, CO.

Bai, Y., J. Wu, C.M. Clark, Q. Pan, L. Zhang, S. Chen, Q. 
Wang, and X. Han. 2012. Grazing alters ecosystem 
functioning and C:N:P stoichiometry of grasslands 
along a regional precipitation gradient. Journal of 
Applied Ecology 49: 1204-1215. 

Baker, A.M., and D.A. Potter. 2020. Invasive paper wasp 
turns urban pollinator gardens into ecological traps 
for monarch butterfly larvae. Scientific Reports 10.

Batra, S.W.T. 1995. Bees and pollination in our changing 
environment. Apidologie 26 (5): 361-370.

Belnap, J., and S.L. Phillips. 2001. Soil biota in an 
ungrazed grassland: Response to annual grass 
(Bromus tectorum) invasion. Ecological Applications 
11 (5): 1261-1275. 

Belsky, J., and N.K. Joshi. 2020. Effects of fungicide 
and herbicide chemical exposure on Apis and non-
Apis bees in agricultural landscape. Frontiers in 
Environmental Science 8 (81): 1-10.

Betz, R.F., R.D. Struven, J.E. Wall, and F.B. Heitler. 1992. 
Insect pollinators of 12 milkweed (Asclepias) species. 
Northern Illinois University, Department of Biology, 
Chicago, IL.

Beyers, J.L. 2004. Postfire seeding for erosion 
control: Effectiveness and impacts on native plant 
communities. Conservation Biology 18 (4): 947-956.

Blanchette, G.E. 2019. Native pollinators: The effects 
of livestock grazing on Montana rangelands. Thesis. 
Montana State University, Bozeman, MT.

BLM (Bureau of Land Management). 2016. Vegetation 
Treatments Using Aminopyralid, Fluroxypyr, and 
Rimsulfuron on Bureau of Land Management Lands 
in 17 Western States Programmatic Environmental 
Impact Statement. August 2016. U.S. Department 
of the Interior, Bureau of Land Management, 
Washington, DC.

BLM (Bureau of Land Management). 2021a. Assessment, 
Inventory, and Monitoring Support for BLM AIM 
Projects and Programs. Data Access. U.S. Department 
of the Interior, Bureau of Land Management. https://
aim.landscapetoolbox.org/data-management-
project-evaluation/databases/.

BLM (Bureau of Land Management). 2021b. Public Land 
Statistics. Website. U.S. Department of the Interior, 
Bureau of Land Management, National Operations 
Center, Denver, CO. https://www.blm.gov/about/
data/public-land-statistics.

BLM (Bureau of Land Management). 2022. Landscape 
Approach Data Portal. Website. U.S. Department of 
the Interior, Bureau of Land Management. https://
landscape.blm.gov/geoportal/catalog/REAs/REAs.page.



ST
RA

TE
G

IC
 P

LA
N

 F
O

R 
PO

LL
IN

AT
O

R 
CO

N
SE

RV
AT

IO
N

26

Bommarco, R., J.C. Biesmeijer, B. Meyer, S.G. Potts, J. Pöyry, 
S.P.M. Roberts, I. Steffan-Dewenter, and E. Öckinger. 
2010. Dispersal capacity and diet breadth modify the 
response of wild bees to habitat loss. Proceedings of 
the Royal Society B 277 (1690): 2075-2082.

Bommarco, R., R. Lindborg, L. Marini, and E. Öckinger. 
2014. Extinction debt for plants and flower-visiting 
insects in landscapes with contrasting land use 
history. Diversity and Distributions 20 (5): 591– 599.

Bradley, B.A., C.A. Curtis, E.J. Fusco, J.T. Abatzoglou, 
J.K. Balch, S. Dadashi, and M.-N. Tuanmu. 2017. 
Cheatgrass (Bromus tectorum) distribution in the 
intermountain Western United States and its 
relationship to fire frequency, seasonality, and 
ignitions. Biological Invasions 400.

Brenner, J.C., and L.L. Kanda. 2013. Buffelgrass 
(Pennisetum ciliare) invades lands surrounding 
cultivated pastures in Sonora, Mexico. Invasive Plant 
Science and Management 6 (1): 187-195.

Brice, E.M., B.A. Miller, H. Zhang, K. Goldstein, S.N. Zimmer, 
G.J. Grosklos, P. Belmont, C.G. Flint, J.E. Givens, P.B. 
Adler, M.W. Brunson, and J.W. Smith. 2020. Impacts 
of climate change on multiple use management 
of Bureau of Land Management land in the 
Intermountain West, USA. Ecosphere 11 (11): e03286.

Brooks, M.L., C.M. D’Antonio, D.M. Richardson, J.B. Grace, 
J.E. Keeley, J.M. DiTomaso, and D. Pyke. 2004. Effects 
of invasive alien plants on fire regimes. BioScience 54 
(7): 677-688.

Brooks, M.L., and B. Lair. 2005. Ecological Effects 
of Vehicular Routes in a Desert Ecosystem. U.S. 
Geological Survey, Western Ecological Research 
Center, Las Vegas Field Station, Henderson, NV.

Brooks, M.L., C.S. Brown, J.C. Chambers, C.M. D’Antonio, 
J.E. Keeley, and J. Belnap. 2016. Exotic Annual 
Bromus Invasions: Comparisons Among Species and 
Ecoregions in the Western United States. pp. 11-60. 
In: Germino, M.J., J.C. Chambers, and C.S. Brown, 
eds. Exotic Brome-Grasses in Arid and Semiarid 
Ecosystems of the Western US: Causes, Consequences, 
and Management Implications. Switzerland: Springer 
International.

Bruckman, D., and D.R. Campbell. 2016. Pollination of 
a native plant changes with distance and density of 
invasive plants in a simulated biological invasion. 
American Journal of Botany 103 (8): 1458-1465.

Burke, R.A., J.K. Frey, A. Ganguli, and K.E. Stoner. 2019. 
Species distribution modelling supports “nectar 
corridor” hypothesis for migratory nectarivorous bats 
and conservation of tropical dry forest. Diversity and 
Distributions 25 (9): 1399–1415.

Burkle, L.A., M.P. Simanonok, J.S. Durney, J.A. Myers, 
and R.T. Belote. 2019. Wildfires influence abundance, 
diversity, and intraspecific and interspecific trait 
variation of native bees and flowering plants across 
burned and unburned landscapes. Frontiers in 
Ecology and Evolution 7 (252).

Burnham, P.A., S.A. Alger, B. Case, H. Boncristiani, L. 
Hébert-Dufresne, and A.K. Brody. 2021. Flowers as 
dirty doorknobs: Deformed wing virus transmitted 
between Apis mellifera and Bombus impatiens 
through shared flowers. Journal of Applied Ecology 
58 (10): 2065-2074.

Butz Huryn, V.M., and H. Moller. 1995. An assessment 
of the contribution of honey bees (Apis mellifera) to 
weed reproduction in New Zealand protected natural 
areas. New Zealand Journal of Ecology 19 (2): 111-122.

Calvert, W.H. 1996. Fire ant predation on monarch larvae 
(Nymphalidae: Danainae) in a central Texas prairie. 
Journal of the Lepidopterists’ Society 50 (2): 149-151.

Calvillo, L.M., V. Meléndez Ramírez, V. Parra-Tabla, 
and J. Navarro. 2010. Bee diversity in a fragmented 
landscape of the Mexican neotropic. Journal of Insect 
Conservation 14: 323-334.

Cameron, S.A., J.D. Lozier, J.P. Strange, J.B. Koch, N. 
Cordes, L.F. Solter, and T.L. Griswold. 2011. Patterns of 
widespread decline in North American bumble bees. 
Proceedings of the National Academy of Sciences 108 
(2): 662-667.

Camp, A.A., M.A. Batres, W.C. Williams, and D.M. Lehmann. 
2020. Impact of diflubenzuron on Bombus impatiens 
(Hymenoptera: Apidae) microcolony development. 
Environmental Entomology 49 (1): 203-210.



STRATEG
IC PLA

N
 FO

R PO
LLIN

ATO
R CO

N
SERVATIO

N

27

Cane, J.H., and V.J. Tepedino. 2017. Gauging the 
effect of honey bee pollen collection on native bee 
communities. Conservation Letters 10 (2): 205–210.

Cardoso, P., et al. 2020. Scientists’ warning to humanity 
on insect extinctions. Biological Conservation 242: 
108426.

Carman, K., and D.G. Jenkins. 2016. Comparing 
diversity to flower-bee interaction networks reveals 
unsuccessful foraging of native bees in disturbed 
habitats. Biological Conservation 202: 110-118.

Carrié, R., E. Andrieu, S.A. Cunningham, P.E. Lentini, 
M. Loreau, and A. Ouin. 2017. Relationships among 
ecological traits of wild bee communities along 
gradients of habitat amount and fragmentation. 
Ecography 40: 85-97.

Chambers, J.C., R.F. Miller, D.I. Board, D.A. Pyke, B.A. 
Roundy, J.B. Grace, E.W. Schupp, and R.J. Tausch. 2014. 
Resilience and resistance of sagebrush ecosystems: 
Implications for state and transition models and 
management treatments. Rangeland Ecology & 
Management 67 (5): 440-454.

Coates, P.S., M.A. Ricca, B.G. Prochazka, K.E. Doherty, M.L. 
Brooks, and M.L. Casazza. 2015. Long-Term Effects 
of Wildfire on Greater Sage-Grouse—Integrating 
Population and Ecosystem Concepts for Management 
in the Great Basin. Open-File Report 2015–1165. U.S. 
Department of the Interior, U.S. Geological Survey, 
Reston, VA.

Cohen, H., S.M. Philpott, H. Liere, B.B. Lin, and S. Jha. 
2021. The relationship between pollinator community 
and pollination services is mediated by floral 
abundance in urban landscapes. Urban Ecosystems 
24: 275–290.

Coutinho, J.G.E., J. Hipólito, R.L.S. Santos, E.F. Moreira, 
D. Boscolo, and B.F. Viana. 2021. Landscape structure 
is a major driver of bee functional diversity in crops. 
Frontiers in Ecology and Evolution 9: 624835.

Crone, E.E., E.E. Pelton, L.M. Brown, C.C. Thomas, and C.B. 
Schultz. 2019. Why are monarch butterflies declining 
in the West? Understanding the importance of 
multiple correlated drivers. Ecological Applications 29 
(7): e01975.

Cronk, Q., and I. Ojeda. 2008. Bird-pollinated flowers in 
an evolutionary and molecular context. Journal of 
Experimental Botany 59 (4): 715-727.

Croonquist, M.J., and R.P. Brooks. 1991. Use of avian 
and mammalian guilds as indicators of cumulative 
impacts in riparian-wetland areas. Environmental 
Management 15 (5): 701–714.

Cullen, M.G., L.J. Thompson, J.C. Carolan, J.C. Stout, and 
D.A. Stanley. 2019. Fungicides, herbicides, and bees: A 
systematic review of existing research and methods. 
PLoS One 14 (12): e0225743.

Cumming, G.S., C.R. Allen, N.C. Ban, D. Biggs, H.C. Biggs, 
D.H.M. Cumming, A. De Vos, G. Epstein, M. Etienne, 
K. Maciejewski, R. Mathevet, C. Moore, M. Nenadovic, 
and M. Schoon. 2015. Understanding protected area 
resilience: A multi‐scale, social‐ecological approach. 
Ecological Applications 25 (2): 299-319.

Dangremond, E.M., E.A. Pardini, and T.M. Knight. 2010. 
Apparent competition with an invasive plant hastens 
the extinction of an endangered lupine. Ecology 91 
(8): 2261-2271.

D’Antonio, C.M., and P.M. Vitousek. 1992. Biological 
invasions by exotic grasses, the grass/fire cycle, 
and global change. Annual Review of Ecology and 
Systematics 23: 63-87.

Delnevo, N., E.J. van Etten, M. Byrne, A. Petraglia, 
M. Carbognani, and W.D. Stock. 2020. Habitat 
fragmentation restricts insect pollinators and pollen 
quality in a threatened Proteaceae species. Biological 
Conservation 252: 108824.

De Luca, P.A., and M. Vallejo-Martín. 2013. What’s 
the ‘buzz’ about? The ecology and evolutionary 
significance of buzz-pollination. Current Opinion in 
Plant Biology 16 (4): 429-435.

Dickson, B.G., C.M. Albano, B.H. McRae, J.J. Anderson, 
D.M. Theobald, L.J. Zachmann, T.D. Sisk, and M.P. 
Dombeck. 2017. Informing strategic efforts to 
expand and connect protected areas using a model 
of ecological flow, with application to the Western 
United States. Conservation Letters 10 (5): 564-571.

Doherty, T.S., A.S. Glen, D.G. Nimmo, E.G. Ritchie, and 
C.R. Dickman. 2016. Invasive predators and global 
biodiversity loss. Proceedings of the National 
Academy of Sciences 113 (40): 11261-11265.



ST
RA

TE
G

IC
 P

LA
N

 F
O

R 
PO

LL
IN

AT
O

R 
CO

N
SE

RV
AT

IO
N

28

Drossart, M., D. Michez, and M. Vanderplack. 2017. 
Invasive plants as a potential food resource for native 
pollinators: A case study with two invasive species and 
a generalist bumble bee. Scientific Reports 7: 16242.

Ebeling, A., A.-M. Klein, J. Schumacher, W.W. Weisser, and 
T. Tscharntke. 2008. How does plant richness affect 
pollinator richness and temporal stability of flower 
visits? Oikos 117 (12): 1808-1815. 

Eldridge, D.J., A.G.B. Poore, M. Ruiz-Colmenero, M. 
Letnic, and S. Soliveres. 2016. Ecosystem structure, 
function, and composition in rangelands are 
negatively affected by livestock grazing. Ecological 
Applications 26 (4): 1273-1283. 

Ellison, L.E. 2012. Bats and Wind Energy—A Literature 
Synthesis and Annotated Bibliography. Open-File 
Report 2012–1110. U.S. Department of the Interior, 
U.S. Geological Survey, Reston, VA.

English, S.G., C.A. Bishop, S. Wilson, and A.C. Smith. 
2021a. Current contrasting population trends 
among North American hummingbirds. Scientific 
Reports 11: 18369.

English, S.G., N.I. Sandoval-Herrera, C.A. Bishop, M. 
Cartwright, F. Maisonneuve, J.E. Elliott, and K.C. 
Welch, Jr. 2021b. Neonicotinoid pesticides exert 
metabolic effects on avian pollinators. Scientific 
Reports 11: 2914.

Fahrig, L. 2003. Effects of habitat fragmentation on 
biodiversity. Annual Review of Ecology, Evolution, 
and Systematics 34: 487–515.

Fahrig, L., J. Baudry, L. Brotons, F.G. Burel, T.O. Crist, R.J. 
Fuller, C. Sirami, G.M. Siriwardena, and J.-L. Martin. 
2011. Functional landscape heterogeneity and animal 
biodiversity in agricultural landscapes. Ecology 
Letters 14 (2): 101–112.

Fleming, T.H., C. Geiselman, and W.J. Kress. 2009. 
The evolution of bat pollination: A phylogenetic 
perspective. Annals of Botany 104 (6): 1017-1043.

Fontaine, C., I. Dajoz, J. Meriguet, and M. Loreau. 2006. 
Functional diversity of plant-pollinator interaction 
webs enhances the persistence of plant communities. 
PLoS Biology 4 (1): 0129-0135.

Forister, M.L., C.A. Halsch, C.C. Nice, J.A. Fordyce, T.E. 
Dilts, J.C. Oliver, K.L. Prudic, A.M. Shapiro, J.K. Wilson, 
and J. Glassberg. 2021. Fewer butterflies seen by 
community scientists across the warming and drying 
landscapes of the American West. Science 371 (6533): 
1042-1045.

Fox, R., T.H. Oliver, C. Harrower, M.S. Parsons, C.D. 
Thomas, and D.B. Roy. 2014. Long-term changes to 
the frequency of occurrence of British moths are 
consistent with opposing and synergistic effects of 
climate and land-use changes. Journal of Applied 
Ecology 51 (4): 949–957. 

Franzén, M., and S.G. Nilsson. 2010. Both population 
size and patch quality affect local extinctions and 
colonizations. Proceedings of the Royal Society B 277 
(1678): 79–85.

Fürst, M.A., D.P. McMahon, J.L. Osborne, R.J. Paxton, and 
M.J.F. Brown. 2014. Disease associations between 
honeybees and bumblebees as a threat to wild 
pollinators. Nature 506: 364-366.

Fusco, E.J., J.T. Finn, J.K. Balch, R.C. Nagy, and B.A. 
Bradley. 2019. Invasive grasses increase fire 
occurrence and frequency across US ecoregions. 
Proceedings of the National Academy of Sciences 116 
(47): 23594-23599.

Gilbert, W., and M. Vaughan. 2011. The value of pollinators 
and pollinator habitat to rangelands: Connections 
among pollinators, insects, plant communities, fish, and 
wildlife. Rangelands 33 (3): 14-19.

Goverde, M., K. Schweizer, B. Baur, and A. Erhardt. 
2002. Small-scale habitat fragmentation effects on 
pollinator behaviour: Experimental evidence from 
the bumblebee Bombus veteranus on calcareous 
grasslands. Biological Conservation 104 (3): 293-299.

Grime, J.P. 1973. Control of species diversity in 
herbaceous vegetation. Journal of Environmental 
Management 1 (1): 151-167.

Hallmann, C.A., M. Sorg, E. Jongejans, H. Siepel, N. 
Hofland, H. Schwan, W. Stenmans, A. Müller, H. 
Sumser, T. Hörren, D. Goulsen, and H. de Kroon. 2017. 
More than 75 percent decline over 27 years in total 
flying insect biomass in protected areas. PLoS One 12 
(10): e0185809.



STRATEG
IC PLA

N
 FO

R PO
LLIN

ATO
R CO

N
SERVATIO

N

29

Halsch, C.A., A.M. Shapiro, J.A. Fordyce, C.C. Nice, J.H. 
Thorne, D.P. Waetjen, and M.L. Forister. 2021. Insects 
and recent climate change. Proceedings of the 
National Academy of Sciences 118 (2): e2002543117. 

Han, F., A. Wallberg, and M.T. Webster. 2012. From where 
did the Western honeybee (Apis mellifera) originate? 
Ecology and Evolution 2 (8): 1949–1957.

Hanley, M.E., and D. Goulson. 2003. Introduced weeds 
pollinated by introduced bees: Cause or effect? Weed 
Biology and Management 3 (4): 204-212.

Harmon, J.P., A.C. Ganguli, and M.J. Solga. 2011. An 
overview of pollination in rangelands: Who, why, and 
how. Rangelands 33 (3): 4-8.

Healy, M. 2007. Global Climate Change, Habitat 
Fragmentation, and the Lesser Long-Nosed Bat: What 
next? Thesis. Evergreen State College, Olympia, WA.

Hellerstein, D., C. Hitaj, D. Smith, and A. Davis. 2017. 
Land Use, Land Cover, and Pollinator Health: A Review 
and Trend Analysis. ERR-232. U.S. Department of 
Agriculture, Economic Research Service. 

Herrero-Jáuregui, C., and M. Oesterheld. 2018. Effects 
of grazing intensity on plant richness and diversity: A 
meta-analysis. Oikos 127 (6): 757-766. 

Hobbs, R.J., et al. 2006. Novel ecosystems: Theoretical 
and management aspects of the new ecological world 
order. Global Ecology and Biogeography 15 (1): 1-7.

Holmes, T.P., J.E. Aukema, B. Von Holle, A. Liebhold, and 
E. Sills. 2009. Economic impacts of invasive species in 
forests: Past, present, and future. Annals of the New 
York Academy of Sciences 1162: 18–38.

Hooks, C.R., and A. Espíndola. 2020. Hummingbirds and 
Bird Pollination. Maryland Agronomy News. August 
4, 2020.

Hopwood, J., S. Hoffman Black, E. Lee-Mäder, A. 
Charlap, R. Preston, K. Mozumder, and S. Fleury. 2015. 
Literature Review: Pollinator Habitat Enhancement 
and Best Management Practices in Highway Rights-
of-Way. U.S. Department of Transportation, Federal 
Highway Administration, Washington, DC. 

Hopwood, J., A. Code, M. Vaughan, D. Biddinger, M. 
Shepherd, S. Hoffman Black, E. Lee-Mäder, and C. 
Mazzacano. 2016. How Neonicotinoids Can Kill Bees: 
The Science Behind the Role These Insecticides Play 
in Harming Bees. 2nd edition. Xerces Society for 
Invertebrate Conservation, Portland, OR.

Inouye, D.W. 2020. Effects of climate change on alpine 
plants and their pollinators. Annals of the New York 
Academy of Sciences 1469 (1): 26-37.

Karl, M.G., E. Kachergis, and J.W. Karl. 2016. Rangeland 
Resource Assessment—2011. U.S. Department of 
the Interior, Bureau of Land Management, National 
Operations Center, Denver, CO.

Kearns, C.A., D.W. Inouye, and N.M. Waser. 1998. 
Endangered mutualisms: The conservation of plant-
pollinator interactions. Annual Review of Ecology and 
Systematics 29: 83-112. 

Kephart, S. 1983. The partitioning of pollinators among 
three species of Asclepias. Ecology 64 (1): 120-133.

Klironomos, J.N. 2002. Feedback with soil biota 
contributes to plant rarity and invasiveness in 
communities. Nature 417: 67-70.

Knop, E., L. Zoller, R. Ryser, C. Gerpe, M. Hörler, and C. 
Fontaine. 2017. Artificial light at night as a new threat 
to pollination. Nature 548: 206-209.

Koh, I., E.V. Lonsdorf, N.M. Williams, C. Brittain, R. Isaacs, 
J. Gibbs, and T.H. Ricketts. 2016. Modeling the status, 
trends, and impacts of wild bee abundance in the 
United States. Proceedings of the National Academy 
of Sciences 113 (1): 140–145.

Kudo, G. 2014. Vulnerability of phenological synchrony 
between plants and pollinators in an alpine 
ecosystem. Ecological Research 29 (4): 571-581.

Kudo, G., Y. Nishikawa, T. Kasagi, and S. Kosuge. 2004. 
Does seed production of spring ephemerals decrease 
when spring comes early? Ecological Research 19 (2): 
255–259.

LaManna, J.A., L.A. Burkle, R.T. Belote, and J.A. Myers. 
2021. Biotic and abiotic drivers of plant-pollinator 
community assembly across wildfire gradients. 
Journal of Ecology 109 (2): 1000–1013.



ST
RA

TE
G

IC
 P

LA
N

 F
O

R 
PO

LL
IN

AT
O

R 
CO

N
SE

RV
AT

IO
N

30

Le Maitre, D.C., M.B. Gush, and S. Dzikiti. 2015. Impacts 
of invading alien plant species on water flows at 
stand and catchment scales, AoB PLANTS 7.

Levine, J.M., M. Vilà, C.M. D’Antonio, J.S. Dukes, K. 
Grigulis, and S. Lavorel. 2003. Mechanisms underlying 
the impacts of exotic plant invasions. Proceedings of 
the Royal Society B 270 (1517): 775–781.

Li, Y., H. Zhao, X. Zhao, T. Zhang, Y. Li, and J. Cui. 2011. 
Effects of grazing and livestock exclusion on soil 
physical and chemical properties in desertified 
sandy grassland, Inner Mongolia, northern China. 
Environmental Earth Sciences 63 (4): 771-783.

Luckenbach, R.A., and R.B. Bury. 1983. Effects of off-
road vehicles on the biota of the Algodones Dunes, 
Imperial County, California. Journal of Applied 
Ecology 20 (1): 265–286.

MacGregor, C.J., M.J.O. Pocock, R. Fox, and D.M. Evans. 
2015. Pollination by nocturnal Lepidoptera, and 
the effects of light pollution: A review. Ecological 
Entomology 40 (3): 187-198.

Mack, R.N., D. Simberloff, W.M. Lonsdale, H. Evans, M. 
Clout, and F. Bazzaz. 2000. Biotic invasions: Causes, 
epidemiology, global consequences, and control. 
Ecological Applications 10 (3): 689–710.

Malcolm, S.B. 2018. Anthropogenic impacts on 
mortality and population viability of the monarch 
butterfly. Annual Review of Entomology 63: 277-302.

Marshall, V.M., M.M. Lewis, and L.B. Ostendorf. 2012. 
Buffel grass (Cenchrus ciliaris) as an invader and threat 
to biodiversity in arid environments: A review. Journal 
of Arid Environments 78: 1-12. 

Mawdsley, J.R., and M. Humpert. 2016. Revised State 
Wildlife Action Plans offer new opportunities for 
pollinator conservation in the USA. Natural Areas 
Journal 36 (4): 453-457. 

McGruddy, R.A., M.W.F. Howse, J. Haywood, C.J.I. Ward, 
T.B. Staufer, M. Hayek-Williams, R.J. Toft, and P.J. Lester. 
2021. Invasive paper wasps have strong cascading 
effects on the host plant of monarch butterflies. 
Ecological Entomology 46 (2): 459-469. 

McKenna, D.D., K.M. McKenna, S.B. Malcolm, and 
M.R. Berenbaum. 2001. Mortality of Lepidoptera 
along roadways in central Illinois. Journal of the 
Lepidopterists’ Society 55 (2): 63–68.

McKnight, S., C. Fallon, E. Pelton, R. Hatfield, A. Code, 
J. Hopwood, S. Jepsen, and S. Hoffman Black. 2018. 
Best Management Practices for Pollinators on 
Western Rangelands. Xerces Society for Invertebrate 
Conservation, Portland, OR.

Moisset, B., and S. Buchmann. 2011. Bee Basics: An 
Introduction to Our Native Bees. U.S. Forest Service 
and Pollinator Partnership.

Morales, C.L., and M.A. Aizen. 2002. Does invasion 
of exotic plants promote invasion of exotic flower 
visitors? A case study from the temperate forests of 
the southern Andes. Biological Invasions 4: 87-100.

Nabhan, G.P. 2001. Nectar Trails of Migratory Pollinators. 
Conservation Magazine. July 24, 2001. 

Nogrado, K., S. Lee, K. Chon, and J.H. Lee. 2019. Effect of 
transient exposure to carbaryl wettable powder on 
the gut microbial community of honey bees. Applied 
Biological Chemistry 62 (6): 1-8.

Northrup, J.M., and G. Wittemyer. 2013. Characterizing 
the impacts of emerging energy development on 
wildlife, with an eye towards mitigation. Ecology 
Letters 16: 112-125.

NRC (National Research Council). 2007. Status of 
Pollinators in North America. Washington, DC: The 
National Academies Press.

NRCS (Natural Resources Conservation Service). 
2002. Butterflies (Order: Lepidoptera). Fish and 
Wildlife Habitat Management Leaflet Number 15. 
U.S. Department of Agriculture, Natural Resources 
Conservation Service, Washington, DC.

Nyffeler, M., M.R. Maxwell, and J.V. Remsen. 2017. Bird 
predation by praying mantises: A global perspective. 
The Wilson Journal of Ornithology 129 (2): 331-344. 

Ober, H.K., R.J. Steidl, and V.M. Dalton. 2005. Resource 
and spatial‐use patterns of an endangered vertebrate 
pollinator, the lesser long‐nosed bat. The Journal of 
Wildlife Management 69 (4): 1615-1622.



STRATEG
IC PLA

N
 FO

R PO
LLIN

ATO
R CO

N
SERVATIO

N

31

Odanaka, K.A., and S.M. Rehan. 2020. Wild bee 
distribution near forested landscapes is dependent 
on successional state. Forest Ecosystems 7 (26): 1-13.

Oliveira, J.M., A.L.F. Destro, M.B. Freitas, and L.L. Oliveira. 
2021. How do pesticides affect bats? – A brief review 
of recent publications. Brazilian Journal of Biology 81 
(2): 499-507.

Ollerton, J., R. Winfree, and S. Tarrant. 2011. How many 
flowering plants are pollinated by animals? Oikos 120 
(3): 321-326.

Olynyk, M., A.R. Westwood, and N. Koper. 2021. Effects 
of natural habitat loss and edge effects on wild 
bees and pollination services in remnant prairies. 
Environmental Entomology 50 (3): 732-743.

Omernik, J.M. 1987. Ecoregions of the conterminous 
United States. Annals of the Association of American 
Geographers 77 (1): 118-125. 

Orford, K.A., P.J. Murray, I.P. Vaughan, and J. Memmott. 
2016. Modest enhancements to conventional 
grassland diversity improve the provision of 
pollination services. Journal of Applied Ecology 53 (3): 
906–915.

Orr, M.C., A.C. Hughes, D. Chesters, J. Pickering, C.-D. 
Zhu, and J.S. Ascher. 2021. Global patterns and drivers 
of bee distribution. Current Biology 31 (3): 451-458.

Ouren, D.S., C. Haas, C.P. Melcher, S.C. Stewart, P.D. 
Ponds, N.R. Sexton, L. Burris, T. Fancher, and Z.H. 
Bowen. 2007. Environmental Effects of Off-Highway 
Vehicles on Bureau of Land Management Lands: 
A Literature Synthesis, Annotated Bibliographies, 
Extensive Bibliographies, and Internet Resources. 
Open-File Report 2007-1353. U.S. Department of the 
Interior, U.S. Geological Survey, Reston, VA.

Papanikolaou, A.D., I. Kühn, M. Frenzel, M. Kuhlmann, P. 
Poschlod, S.G. Potts, S.P.M. Roberts, and O. Schweiger. 
2017. Wild bee and floral diversity co-vary in response 
to the direct and indirect impacts of land use. 
Ecosphere 8 (11): e02008.

PCA (Plant Conservation Alliance). 2015. National Seed 
Strategy for Rehabilitation and Restoration, 2015-
2020. U.S. Department of the Interior, Bureau of Land 
Management.

PCA (Plant Conservation Alliance). 2021. National Seed 
Strategy for Rehabilitation and Restoration, Progress 
Report 2015-2020. U.S. Department of the Interior, 
Bureau of Land Management, Washington, DC.

Pellant, M., P.L. Shaver, D.A. Pyke, J.E. Herrick, N. Lepak, G. 
Riegel, E. Kachergis, B.A. Newingham, D. Toledo, and 
F.E. Busby. 2020. Interpreting Indicators of Rangeland 
Health, Version 5. Tech Ref 1734-6. U.S. Department 
of the Interior, Bureau of Land Management, National 
Operations Center, Denver, CO.

Pelton, E., S. Jepsen, C. Schultz, C. Fallon, and S. 
Hoffman Black. 2016. State of the Monarch Butterfly 
Overwintering Sites in California. Xerces Society for 
Invertebrate Conservation, Portland, OR.

Pelton, E.M., C.B. Schultz, S.J. Jepsen, S. Hoffman 
Black, and E.E. Crone. 2019. Western monarch 
population plummets: Status, probable causes, and 
recommended conservation actions. Frontiers in 
Ecology and Evolution 7 (258).

Peñuelas, J., I. Filella, and P. Comas. 2002. Changed 
plant and animal life cycles from 1952 to 2000 in the 
Mediterranean region. Global Change Biology 8 (6): 
531–544.

Peppin, D.L., A.L. Mottek-Lucas, and P.Z. Fulé. 2014. 
Post-fire seeding in Western United States forests: 
Perspectives of resource managers. Fire Ecology 10: 
31-42.

Pickett, S.T.A., and P.S. White. 1985. Patch Dynamics: 
A Synthesis. pp. 371-384. In: Pickett, S.T.A., and P.S. 
White, eds. The Ecology of Natural Disturbance and 
Patch Dynamics. San Diego, CA: Academic Press.

Pierce, J.B., and C. Sutherland. 2017. Honey Bees in 
New Mexico. Online Guide L-110. New Mexico State 
University, Las Cruces, NM. https://aces.nmsu.edu/
pubs/_l/L110/welcome.html. 

Pimm, S.L., and P. Raven. 2000. Extinction by numbers. 
Nature 403: 843-845.

Pollinator Health Task Force. 2015. National Strategy 
to Promote the Health of Honey Bees and Other 
Pollinators. The White House, Pollinator Health Task 
Force, Washington, DC.



ST
RA

TE
G

IC
 P

LA
N

 F
O

R 
PO

LL
IN

AT
O

R 
CO

N
SE

RV
AT

IO
N

32

Porensky, L.M., R. McGee, and D.W. Pellatz. 2020. Long-
term grazing removal increased invasion and reduced 
native plant abundance and diversity in a sagebrush 
grassland. Global Ecology and Conservation 24: 
e01267.

Potts, S.G., J.C. Biesmeijer, C. Kremen, P. Neumann, O. 
Schweiger, and W.E. Kunin. 2010. Global pollinator 
declines: Trends, impacts and drivers. Trends in 
Ecology and Evolution 25 (6): 345–353.

Powell, K.I., J.M. Chase, and T.M. Knight. 2011. A 
synthesis of plant invasion effects on biodiversity 
across spatial scales. American Journal of Botany 98 
(3): 539-548.

Proesmans, W., M. Albrecht, A. Gajda, P. Neumann, R.J. 
Paxton, M. Pioz, C. Polzin, O. Schweiger, J. Settele, H. 
Szentgyörgyi, H.-H. Thulke, and A.J. Vanbergen. 2021. 
Pathways for novel epidemiology: Plant–pollinator–
pathogen networks and global change. Trends in 
Ecology and Evolution 36 (7): 623–636.

Pyke, D.A., J.C. Chambers, J.L. Beck, M.L. Brooks, and B.A. 
Mealor. 2016. Land Uses, Fire, and Invasion: Exotic 
Annual Bromus and Human Dimensions. pp. 307-
336. In: Germino, M.J., J.C. Chambers, and C.S. Brown, 
eds. Exotic Brome-Grasses in Arid and Semiarid 
Ecosystems of the Western US: Causes, Consequences, 
and Management Implications. Switzerland: Springer 
International.

Pyšek, P., V. Jarošík, P.E. Hulme, J. Pergl, M. Hejda, U. 
Schaffner, and M. Vilà. 2012. A global assessment 
of invasive plant impacts on resident species, 
communities, and ecosystems: The interaction 
of impact measures, invading species’ traits and 
environment. Global Change Biology 18 (5): 1725–
1737.

Quesada, M., K.E. Stoner, V. Rosas-Guerrero, C. Palacios-
Guevara, and J.A. Lobo. 2003. Effects of habitat 
disruption on the activity of nectarivorous bats 
(Chiroptera: Phyllostomidae) in a dry tropical forest: 
Implications for the reproductive success of the 
neotropical tree Ceiba grandiflora. Oecologia 135: 
400–406.

Ramos-Jiliberto, R., P.M. de Espanés, and D.P. Vázquez. 
2020. Pollinator declines and the stability of plant-
pollinator networks. Ecosphere 11 (4): e03069.

Rao, L.E., and E.B. Allen. 2010. Combined effects of 
precipitation and nitrogen deposition on native 
and invasive winter annual production in California 
deserts. Oecologia 162 (4): 1035–1046.

Robertson, S.M., A.P.G. Dowling, R.N. Wiedenmann, N.K. 
Joshi, and E.L. Westerman. 2021. Nocturnal pollinators 
significantly contribute to apple production. Journal 
of Economic Entomology 114 (5): 2155-2161.

Rodger, J.G., et al. 2021. Widespread vulnerability 
of flowering plant seed production to pollinator 
declines. Science Advances 7 (42).

Scaven, V.L., and N.E. Rafferty. 2013. Physiological effects 
of climate warming on flowering plants and insect 
pollinators and potential consequences for their 
interactions. Current Zoology 59 (3): 418-426.

Seeley, T.D. 1995. The Wisdom of the Hive: The Social 
Physiology of Honey Bee Colonies. Cambridge, MA: 
Harvard University Press.

Sharma, D., and D.P. Abrol. 2014. Effect of insecticides 
on foraging behaviour and pollination role of Apis 
mellifera L. (Hymenoptera: Apidae) on toria (Brassica 
campestris var. toria) crop. Egyptian Journal of Biology 
16: 79-86.

Shepherd, M., and S. Hoffman Black. 2021. Flower 
Flies. Website. U.S. Department of Agriculture, U.S. 
Forest Service. https://www.fs.fed.us/wildflowers/
pollinators/pollinator-of-the-month/flower_flies.
shtml.

Smagghe, G., S. Reynders, I. Maurissen, J. Boulet, X. 
Cuvelier, E. Dewulf, K. Put, C. Jans, G. Sterk, and 
V. Mommaerts. 2007. Analysis of side effects of 
diflubenzuron and tebufenozide in pollinating 
bumblebees Bombus terrestris. Synthèse: Revue des 
Sciences et de la Technologie 16: 39-49.

Smithsonian. 2021a. BugInfo: Butterflies in the United 
States. Information Sheet Number 189. Smithsonian 
Institution, Department of Systematic Biology, 
Entomology Section. https://si.edu/spotlight/
buginfo/butterflyus.

Smithsonian. 2021b. BugInfo: Moths. Information Sheet 
Number 169. Smithsonian Institution, Department 
of Systematic Biology, Entomology Section. https://
www.si.edu/spotlight/buginfo/moths.



STRATEG
IC PLA

N
 FO

R PO
LLIN

ATO
R CO

N
SERVATIO

N

33

Souther, S., M. Loeser, T.E. Crews, and T. Sisk. 2019. 
Complex response of vegetation to grazing suggests 
need for coordinated, landscape-level approaches 
to grazing management. Global Ecology and 
Conservation 20: e00770.

Steers, R.J., and E.B. Allen. 2011. Native annual plant 
response to fire: An examination of invaded, 3 to 
29 year old burned creosote bush scrub from the 
western Colorado Desert. Natural Resources and 
Environmental Issues 17 (20).

Steffan-Dewenter, I., and T. Tscharntke. 1999. Effects of 
habitat isolation on pollinator communities and seed 
set. Oecologia 121: 432–440.

Steffan-Dewenter, I., and C. Westphal. 2008. The 
interplay of pollinator diversity, pollination services 
and landscape change. Journal of Applied Ecology 45 
(3): 737-741.

Stein, D.S., D.M. Debinski, J.M. Pleasants, and A.L. 
Toth. 2020. Evaluating native bee communities and 
nutrition in managed grasslands. Environmental 
Entomology 49 (3): 717-725.

Stout, J.C., and E.J. Tiedeken. 2017. Direct interactions 
between invasive plants and native pollinators: 
Evidence, impacts and approaches. Functional 
Ecology 31 (1): 38–46.

Tews, J., U. Brose, V. Grimm, K. Tielbörger, M.C. 
Wichmann, M. Schwager, and F. Jeltsch. 2004. Animal 
species diversity driven by habitat heterogeneity/
diversity: The importance of keystone structures. 
Journal of Biogeography 31 (1): 79–92.

Texas A&M University. 2006. Agricultural 
Communications. Research Upsetting Some 
Notions About Honey Bees. Science Daily. 
December 29, 2006. https://www.sciencedaily.com/
releases/2006/12/061211220927.htm.

Theobald, D.M., L.J. Zachmann, B.G. Dickson, M.E. Gray, 
C.M. Albano, V. Landau, and D. Harrison-Atlas. 2016. 
Description of the approach, data, and analytical 
methods used to estimate natural land loss in 
the western U.S. Conservation Science Partners, 
Truckee, CA.

Theobald, D.M., I. Leinwand, J.J. Anderson, V. Landau, 
and B.G. Dickson. 2019. Loss and fragmentation of 
natural lands in the conterminous U.S. from 2001 
to 2017. Executive Summary. Conservation Science 
Partners, Truckee, CA.

Underwood, E.C., R.C. Klinger, and M.L. Brooks. 2019. 
Effects of invasive plants on fire regimes and postfire 
vegetation diversity in an arid ecosystem. Ecology 
and Evolution 9 (22): 12421–12435.

USDA (U.S. Department of Agriculture). 2015. Pollinator-
Friendly Best Management Practices for Federal 
Lands. U.S. Department of Agriculture and U.S. 
Department of the Interior. https://www.fs.fed.us/
wildflowers/pollinators/BMPs/.

USDA (U.S. Department of Agriculture). 2019. Honey 
Bee Colonies. U.S. Department of Agriculture, 
National Agricultural Statistics Service, Agricultural 
Statistics Board. https://downloads.usda.library.
cornell.edu/usda-esmis/files/rn301137d/f7623q868/
ft849239n/hcny0819.pdf.

USFS (U.S. Forest Service). 2013. Forest Service 
National Strategic Framework for Invasive Species 
Management. FS-1017. U.S. Department of 
Agriculture, U.S. Forest Service, Washington, DC.

USFWS (U.S. Fish and Wildlife Service). 2018a. Species 
Status Assessment for the Lesser Long-Nosed Bat 
(Leptonycteris yerbabuenae). U.S. Department of the 
Interior, U.S. Fish and Wildlife Service, Southwest 
Region, Albuquerque, NM. https://ecos.fws.gov/
ServCat/DownloadFile/161602.

USFWS (U.S. Fish and Wildlife Service). 2018b. Species 
Status Assessment Report for the Mexican Long-
Nosed Bat (Leptonycteris nivalis), Version 1.1. U.S. 
Department of the Interior, U.S. Fish and Wildlife 
Service, Southwest Region, Albuquerque, NM. https://
ecos.fws.gov/ServCat/DownloadFile/213297.

USFWS (U.S. Fish and Wildlife Service). 2021a. FWS-
Listed U.S. Species by Taxonomic Group – All Animals. 
Website. U.S. Department of the Interior, U.S. Fish and 
Wildlife Service.

USFWS (U.S. Fish and Wildlife Service). 2021b. FWS-
Listed U.S. Species by Taxonomic Group – Mammals. 
Website. U.S. Department of the Interior, U.S. Fish and 
Wildlife Service.



ST
RA

TE
G

IC
 P

LA
N

 F
O

R 
PO

LL
IN

AT
O

R 
CO

N
SE

RV
AT

IO
N

34

Vanbergen, A.J. 2013. Threats to an ecosystem service: 
Pressures on pollinators. Frontiers in Ecology and the 
Environment 11 (5): 251-259.

Vanbergen, A.J., A. Espíndola, and M.A. Aizen. 2017. 
Risks to pollinators and pollination from invasive alien 
species. Nature Ecology and Evolution 2 (1): 16-25.

Van der Niet, T., R. Peakall, and S.D. Johnson. 2014. 
Pollinator-driven ecological speciation in plants: New 
evidence and future perspectives. Annals of Botany 
113 (2): 199–211.

Vilà, M., J.L. Espinar, M. Hejda, P.E. Hulme, V. Jarošík, J.L. 
Maron, J. Pergl, U. Schaffner, Y. Sun, and P. Pyšek. 2011. 
Ecological impacts of invasive alien plants: A meta-
analysis of their effects on species, communities, and 
ecosystems. Ecology Letters 14 (7): 702–708.

Vilcinskas, A. 2015. Pathogens as biological weapons of 
invasive species. PLoS Pathogens 11 (4): e1004714.

WAFWA (Western Association of Fish and Wildlife 
Agencies). 2019. Western Monarch Butterfly 
Conservation Plan, 2019–2069. Version 1.0. Western 
Association of Fish and Wildlife Agencies, Western 
Monarch Working Group.

Wagner, D.L. 2020. Insect declines in the Anthropocene. 
Annual Review of Entomology 65: 457–480. 

Wagner, D.L., E.M. Grames, M.L. Forister, M.R. 
Berenbaum, and D. Stopak. 2021. Insect decline 
in the Anthropocene: Death by a thousand cuts. 
Proceedings of the National Academy of Sciences 118 
(2): e2023989118.

Williams, N.M., E.E. Crone, T.H. Roulston, R.L. Minckley, 
L. Packer, and S.G. Potts. 2010. Ecological and life-
history traits predict bee species responses to 
environmental disturbances. Biological Conservation 
143 (10): 2280–2291.

Winfree, R., T. Griswold, and C. Kremen. 2007. Effect of 
human disturbance on bee communities in a forested 
ecosystem. Conservation Biology 21 (1): 213–223.

Winfree, R., I. Bartomeus, and D.P. Cariveau. 2011. Native 
pollinators in anthropogenic habitats. Annual Review 
of Ecology, Evolution, and Systematics 42: 1-22.

Wu, G.-L., Z.-H. Shang, Y.-J. Zhu, L.-M. Ding, and D. Wang. 
2015. Species-abundance–seed-size patterns within 
a plant community affected by grazing disturbance. 
Ecological Applications 25 (3): 848-855.

Xerces Society. 2021. The Risks of Pesticides to 
Pollinators. Website. Xerces Society for Invertebrate 
Conservation. https://xerces.org/pesticides/risks-
pesticides-pollinators.

Yoshihara, Y., B. Chimeddorj, B. Buuveibaatar, B. 
Lhagvasuren, and S. Takatsuki. 2008. Effects of 
livestock grazing on pollination on a steppe in 
eastern Mongolia. Biological Conservation 141 (9): 
2376-2386.

Zheng, S.X., H.Y. Ren, Z.C. Lan, W.H. Li, K.B. Wang, and 
Y.F. Bai. 2010. Effects of grazing on leaf traits and 
ecosystem functioning in Inner Mongolia grasslands: 
Scaling from species to community. Biogeosciences 7: 
1117-1132.

Yellow vane insect trap used during Soda Fire restoration monitoring. Photo by Justin Welty, U.S. Geological Survey
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Anna’s hummingbird (Calypte anna) by Rick Fridell
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1. Common blue butterfly (Polyommatus icarus) by Jessa Davis, BLM
2. White-lined sphinx moth larva (Hyles lineata) by Meredith McClure, BLM
3. Carpenter bee (Xylocopa sp.) by Rick Fridell
4. Atlantis fritillary butterfly (Speyeria atlantis) by Rick Fridell
5. Bee fly (Apolysis sp.) by Patrick Alexander, BLM
6. Soft-winged flower beetle (Listrus sp.) by Patrick Alexander, BLM
7. Rufous hummingbird (Selasphorus rufus) by Rick Fridell
8. Western honey bee (Apis mellifera) by Rick Fridell
9. Monarch butterfly (Danaus plexippus) by Rick Fridell
10. Woodborer bee (Lithurgopsis sp.) by Rick Fridell
11. Police car moth (Gnophaela vermiculata) by Rick Fridell
12. Juba skipper butterfly (Hesperia juba) by David Pilliod, USGS
13. Lesser long-nosed bat (Leptonycteris yerbabuenae)  

by Tom Vezo/Minden Pictures
14. Thread-waisted wasp (Palmodes sp.) by Rick Fridell
15 Broad-billed hummingbird (Cynanthus latirostris) by Rick Fridell
16. Bee fly (Pantarbes sp.) by Derek Sikes, University of Alaska Fairbanks
17. Yuma skipper butterfly (Ochlodes yuma) by Jessa Davis, BLM
18. Bumble bee (Bombus sp.) by Andrew Davies, BLM




	Contents
	Executive Summary
	1.0 Introduction
	1.1 Background
	1.2 Purpose and Need

	2.0 Pollinators and Their Habitat Requirements
	2.1 The Pollinators
	2.2 Habitat Resource Requirements

	3.0 Threats to Pollinators and Habitats
	3.1 Habitat Loss and Fragmentation
	3.2 Habitat Degradation
	3.3 Climate Change
	3.4 Pesticides: Insecticides, Fungicides, and Herbicides
	3.5 Pathogens

	4.0 Strategy Goals, Objectives, and Actions
	4.1 Goal 1: Inventory BLM-managed lands and identify management needs for pollinators.
	4.2 Goal 2: Implement proactive efforts to conserve and restore pollinator habitats.
	4.3 Goal 3: Improve BLM business practices, policies, and planningfor pollinator conservation.
	4.4 Goal 4: Increase science support tools and informationfor pollinator species and habitat management.
	4.5 Goal 5: Increase communication and collaboration internally and with BLM partners.

	5.0 Conclusion
	6.0 Laws and Policies Guiding Pollinator Management
	7.0 References



