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Bees Are Not Optional I

Ecosystems—whether agricultural, urban, or natural—depend on pollinators,
great and small. Pollinators in the form of bees, birds, butterflies, bats, and even moths
provide vital, but often invisible services, from contributing to biodiverse terrestrial
wildlife and plant communities to supporting healthy watersheds. Pollinator declines
worldwide have been noted as land-use and climate changes occur on the landscape
(Potts and others, 2010). This is alarming because up to 75 percent of crop species that
are important for human food production depend on pollinators for production (Klein
and others, 2007).

Biodiversity of pollinators in the United States includes more than 4,000 species
of insects, birds, and mammals. Pollinator species in the United States are in crisis
based on broad-scale changes in land-use and climate. The Committee on the Status of
Pollinators in North America (2007) summarized active and passive management alter-
natives to benefit pollinators and reduce their decline. Because assessment of pollina-
tors in the United States has historically lagged behind other regions of the world, the
Committee challenged the U.S. Geological Survey (USGS) and U.S. Fish and Wildlife
Service (USFWS) to develop conservation plans, for pollinators, including quantifica-
tion of the effects of climate change (Committee on the Status of Pollinators in North
America, 2007). As an example of the immediate need to focus efforts on pollinator
conservation, Inouye and others (2017) cited the USFWS’s 2017 listing of the rusty-
patched bumble bee (Bombus affinis) as Endangered under the U.S. Endangered
Species Act (ESA) of 1973. Strategies are developed to accomplish pollinator conser-
vation goals (Dicks and others, 2016) and the USGS is contributing scientific expertise
toward those goals.

Pollinator Monitoring and Research in National Wildlife Refuges

Pollinators are declining globally due to climate change, pesticide use, and habitat
loss. Recent and rapid pollinator declines have generated conservation concerns result-
ing in petitions for listing of several pollinator species under the ESA and identification
of regional at-risk insect species throughout the United States. The USFWS requested
the USGS provide information on priority, at-risk pollinator species to inform effective
management of National Wildlife Refuges (NWRs). The goal of this research project is
to better understand the distribution and ecology of pollinators in NWRs in the eastern
United States in relation to land management and climate gradients. To accomplish
this objective, phenological habitat associations (such as, timing of use) of pollinators,
effects of land-use and land-cover change from local to landscape scales on pollinator
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Landowners and managers across
the United States apply USGS pollinator
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of timing of when plants bloom for
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USGS research supporting pollinator
conservation with respect to climate
uncertainty.
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communities, and latitudinal variation in species distributions are being quanti-
fied in 10 NWRs, from Maine to Virginia. This project will provide information
on the distribution and ecology of at-risk insect pollinator species and associ-
ated species (such as, Ashton’s cuckoo bumble bee [Bombus ashtoni]) across
NWRs, thereby informing management for pollinators throughout the USFWS’s
Northeast Region. Also, this project will investigate effects of a changing cli-
mate on pollinators and the potential for NWRs to serve as sources of pollinator
populations on the landscape in the eastern United States.

Lead USGS Scientist, Steve Grodsky, (USGS New York Cooperative Fish and Wildlife Research Unit),
Rachel Kelty (New York Cooperative Fish and Wildlife Research Unit), Tony Tur, Becky Longenecker;
Cal Ritter, and Troy Wilson (USFWS)
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Background photograph. Monarch butterfly (Danaus plexippus) on rattlesnake master
(Eryngium yuccifolium). Photograph by Jim Hudgins, U.S. Fish and Wildlife Service.



Evaluating Trends and Projecting Future Conditions for Western and
McKay’s Bumble Bees (Bombus occidentalis and Bombus mckayi)

The decline of pollinators has generated considerable conservation attention in
recent years. To make effective management decisions, the USFWS engaged the USGS
to conduct science to inform a Species Status Assessment which provides a summary
of what is known about a species and is used as a foundation for listing decisions under
the ESA. The USGS science team evaluated trends in western bumble bee occupancy
across multiple ecoregions and developed a sampling design to address spatial gaps and
guide future data collection They worked extensively with agency and uni-
versity subject experts to prioritize and complete targeted research for
western (Bombus occidentalis) and McKay’s (B. mckayi) bumble
bees and conducted initial analyses to evaluate trends in
occupancy (species presence or absence) based on indications
of the species declining distributions (Graves and others,

2020). Integrating data from new sampling efforts, the team

explained effects of multiple potential stressors on the west-

ern bumble bee to identify reasons for declines in occupancy,

including climate, landcover, and pesticides (fig. 1; Janousek

and others, 2023). The team’s results provided predictions

of past and current distribution of the species, and indicated

a mean predicted decline of ~57 percent across the western

United States from 1998 to 2020. This analysis allowed the team to

predict future distributions of the western bumble bee to the 2050s based

on changes in climate, landcover, and other conditions. By using climate
models that describe recent and future conditions in the western United States
the scientists predicted future western bumble bee occupancy based on three
scenarios that incorporated likely future conditions based on a suite of green-
house gas emission levels. Future climate conditions ranged from drier and
much warmer to wetter with less warming. Finally, landcover projections
were paired with climate scenarios from best (most favorable) to worst
(least favorable) according to their relation to the occupancy of the

species. This application of occupancy models to pollinators

identified methods to accommodate changes in the num-

ber of bees in a colony during the summer growing season

while accounting for surveys that do not detect bees when

they are present. Maps of predicted occupancy in 1998 and

2020, maps of future projections of occupancy in the 2050s,

and predictive tools were developed by the team to identify

the number of surveys needed to detect these species of

concern in the future. Results on McKay’s bumble bees

are forthcoming.

Tabitha Graves and Will Janousek, Lead USGS

Scientists (Northern Rocky Mountain Science Center),
Jeff Everett, Doug Keinath, Marion Clément (USFWS),
Margaret Douglas (Dickinson College), Syd Cannings
(Canadian Wildlife Service), Casey Delphia (Montana
State University), Rich Hatfield, Leif Richardson

(Xerces Society), Jon Koch, Lindsie McCabe, Ashley
Rohde (U.S. Department of Agriculture-Agricultural
Research Service), John Mola (USGS Fort Collins

Science Center), Jane Ogilvie (Rocky Mountain

Biological Laboratory), Imtiaz Rangwala (North Central
Climate Adaptation Center, University of Colorado-Boulder),
Jamie Strange (Ohio State University), and Lusha Tronstad
(University of Wyoming)

Background photograph.  Sweat bee (Lasioglossum spp.) on candy flower
(Claytonia sibirica). Photograph by Paul Pearsall, U.S. Fish and Wildlife Service.

A female two-spotted bumble bee
(Bombus bimaculatus) foraging on
wild bergamot (Monarda fistulosa).
Note the clump of pollen she is
carrying on her right leg. Photograph
by Debbie Koenigs, U.S. Fish and
Wildlife Service.

Western
bumble bee
(Bombus
occidentalis).
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Figure 1. Maps of the western conterminous United States to represent A, ecoregions where Bombus occidentalis is extant, B, mean
predicted occupancy in 1998, C, mean predicted occupancy in 2020, D, predicted changes in the occupancy of B. occidentalis under a
best-case climate change scenario, £, predicted changes in the occupancy of B. occidentalis under a middle-case climate change scenario,
and F, predicted changes in the occupancy of B. occidentalis under a worst-case climate change scenario. Blue Mountains (BM), Cascade
Range (CR), Coastal Forest (CF), Colorado Plateau and \WWyoming Basin (CPWB), Columbia Plateau (CP), Great Basin (GB), Greater Yellowstone
Ecosystem (GYE), Isolated Mountains in Prairie (IMP), Mediterranean California (MC), Northern Rocky Mountains (NRM), Southern Rocky
Mountains (SRM), Semi-arid Prairies (SP), Sierra Nevada (SN), Uinta and Wasatch Mountain (UWM), Mogollon Rim and Mountains (MRM),
Madrean Archipelago (MA). Figure is from Janousek and others (2023); Copyright (2023) National Academy of Sciences.

Left. Hummingbird moth (Macroglossum spp.) landing on Right. Hunt's bumble bee (Bombus huntii) on dandelion
milkweed (Asclepias spp.). Photograph by Judy Johnson, (Taraxacum officinale). Photograph by Tom Koerner, U.S. Fish
U.S. Fish and Wildlife Service. and Wildlife Service.
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Enhancing Climate Adaptation for Native Communities in Western Alaska:
Linking Pollinator Diversity and Abundance to Berry Production in a Rapidly
Changing Environment

The Bees and Berries
project is a partnership with
Alaska Native scientists,
educators, and students,
provides information on the
ecology, diversity, and vul-
nerability of arctic pollinators. In
subarctic and arctic ecosystems, berry-

for more than 3,000 years (Herman-Mercer and others, 2020).
Despite the importance of berry-producing plants, relatively little
is known about their vulnerability to ongoing environmental
change, and even less is known about how and where changing
climate and other disturbances may impact their insect pollina-
tors. Because pollinators play a major role in maintaining natural
communities and facilitating recovery after disturbance events,

a change in pollinator abundance or phenology (such as, timing

Cloudberries
(Rubus
chamaemorus).

producing plants are an essential component
of the landscape (Herman-Mercer and others, 2020). Berry-
producing plants, such as cloudberry (Rubus chamaemorus),
are a primary subsistence resource for Alaska Native communi-
ties and have been integral to maintaining cultural cohesion,
sense of place, and physical ties to the surrounding landscape

of emergence, reproduction, and other life history events) may
have major and cascading effects on annual berry production,
ecosystems, and human community resilience. This project
includes insect pollinator identification via collection and genetic
methods, vegetation and land cover assessment, and incorpora-
tion of traditional knowledge on plant-pollinator dynamics.

Lead USGS Scientist, Rachel Loehman, (Alaska Science Center) with support from the Alaska CASC; Partners are Elizabeth M. Powers (Office of the Alaska Regional
Director), Matthew Carlson (University of Alaska Anchorage), Mark Davis (University of lllinois Urbana-Champaign), E. Jamie Trammell (Southern Oregon University),
Cynthia Paniyak (Chevak Traditional Council), and Victor Tonuchuk (Kotlik Tribal Council)
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For more information, contact:
USGS Ecosystems Mission Area
12201 Sunrise Valley Drive
Reston, Virginia 20192

For additional information about this and other pollinator research con-
ducted by the USGS, visit https://www.usgs.gov/pollinators
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Background photograph. Moosehorn National Wildlife Refuge, collection site for native pollinators.
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