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65 degrees of bee thermal biology
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Abstract. Addressing global bee declines requires multidisciplinary, coordinated, and collab-
orative action. This contribution highlights ongoing efforts to build multidisciplinary and in-
ternational partnerships among researchers from the University of Wyoming, the University of
Kansas, and the Universidade de Sao Paulo, Brazil, spanning nearly 65 degrees of latitude, to
explore how bees respond to changing temperatures. This document summarizes key insights
from a mini-symposium held on May 12, 2025, and preliminary collaborative studies conducted
between May 8 and 15, 2025, at the Universidade de Sao Paulo. The mini-symposium brought
together faculty and researchers from different Brazilian universities, along with both under-
graduate and graduate students, creating a dynamic exchange of ideas across institutions and
career stages. Emerging themes from the discussions included the inconsistent use of terminol-
ogy and methods for assessing thermal biology, critical gaps in taxonomic and life-history cov-
erage, restricted access to expensive equipment and the need for more accessible approaches,
and the opportunity to incorporate alternative metrics of thermal tolerance in future studies.

Resumo. Agdes coordenadas, colaborativas e multidisciplinares sao essenciais para enfrentar o
declinio global das abelhas. Esta contribuigao destaca um esforgo atual para estabelecer parce-
rias internacionais e interdisciplinares entre pesquisadores da Universidade de Wyoming, da
Universidade do Kansas e da Universidade de Sao Paulo (Brasil), abrangendo quase 65 graus de
latitude, com o objetivo de investigar como as abelhas respondem as mudangas de temperatura.
O documento apresenta os principais insights de um mini-simpdsio realizado em 12 de maio
de 2025, bem como de estudos colaborativos preliminares conduzidos entre 8 e 15 de maio de
2025, na Universidade de Sao Paulo. O evento reuniu docentes e pesquisadores de diversas
universidades brasileiras, além de alunos de graduacdo e pds-graduagado, promovendo uma
troca rica e dindmica de ideias entre diferentes institui¢cdes e niveis de experiéncia académica.
Entre os temas emergentes das discussdes destacaram-se: o uso inconsistente de terminologias
e métodos na avaliacdo da biologia térmica, lacunas significativas na cobertura taxondmica e
de historia de vida, o acesso limitado a equipamentos caros e a consequente necessidade de
metodologias mais acessiveis e a oportunidade de incorporar métricas alternativas de tolerancia
térmica em pesquisas futuras.
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INTRODUCTION

Climate change is a major driver of bee population declines and changes in distri-
bution (Biesmeijer, 2006; Potts et al., 2010; Giannini et al., 2017; Marshall et al., 2020; So-
roye et al., 2020; Gonzalez et al., 2021; Pardee et al., 2022). As a result, interest in under-
standing how bees respond to changing temperatures has grown significantly in recent
years (Macias-Macias et al., 2011; Oyen et al., 2016; Gonzalez et al., 2020; Maia-Silva et
al., 2020; Pimsler et al., 2020; Souza-Junior et al., 2020; Gonzalez et al., 2022, 2024; White
& Dillon, 2023; Lopez-Uribe et al., 2024). However, the majority of the existing research
is phylogenetically and geographically biased, with most studies focusing on honey
bees and bumble bees from North America and Europe (Pimsler et al., 2020; Martinet
et al., 2021; Gérard et al., 2022; Gonzalez et al., 2022; MacQueen et al., 2025). Conse-
quently, current findings in bee thermal biology may not accurately reflect broader
trends across the global diversity of bees (Carvalheiro et al., 2025). Recognizing these
limitations, the authors of this contribution initiated efforts to build multidisciplinary
and international collaborations to explore how bees respond to temperature varia-
tion across diverse taxa and environments. This report outlines the main activities of
a week-long meeting held at the University of Sdo Paulo, from May 8 to 15, 2025 (Figs.
1-5). It highlights key insights from a mini-symposium held on May 12, 2025, and ini-
tial collaborative research efforts with undergraduate and graduate students. We hope
the ideas generated during this meeting and outlined below will help to inspire new
directions for future research on bee thermal biology at a global scale.

MINI-SYMPOSIUM

The goal of the mini-symposium was two-fold: first, to provide an overview of
the primary research directions across participating institutions and researchers; and
second, to promote a multidisciplinary and integrative approach to studying bee ther-
mal biology. We define bee thermal biology as any aspect of behavior, physiology, or
ecology of bees that is affected by temperature. This could include the ability of bees
to measure and respond to environmental temperatures (“thermal preference”), which
has been widely studied in other ectotherms (e.g., Dillon ef al., 2009) but rarely mea-
sured in bees (but see, e.g., Lopuch & Czekonska, 2025). Behavioral responses may also
include shifts in activity in response to temperature, which can be a passive outcome
of the effects of temperature on physiological rates or active selection of temperatures
that best facilitate key activities related to fitness (Corbet ef al., 1993). Extreme tempera-
tures also limit function and ultimately fitness; tolerance limits (e.g., CT_, , CT_ ) are
therefore often linked to current distributions (Sunday et al., 2011) and may facilitate
predictions of shifts in distributions due to changing climates. Within these extremes,
other aspects of physiology may also be temperature dependent, including microbe-
mediated digestion (Hammer et al., 2021), metabolism (Glass & Harrison, 2024), repro-
duction (Campion et al., 2023), and development (Forrest et al., 2019).

The event, entitled “50 Shades of Thermophysiology”, featured a series of 10 short
presentations (10-15mineach)held in the morning, followed by small-group discussions
in the afternoon (Figs. 3, 4). Presenters included undergraduate and graduate students,
as well as early-career and senior researchers. Talks extended beyond bees to include
research on a range of organisms, such as lizards, and salamanders, highlighting
shared physiological principles and concepts across taxa. Presentation topics included
the effects of biotic and abiotic factors on bee thermal tolerance, heat exposure and its
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Figures 1-5. Highlights from the mini-symposium and collaborative research activities held
during the week-long meeting held at the Universidade of Sao Paulo, May 8-15, 2025. 1.
Activities were hosted by Michael Hrncir and his Laboratory of Environmental Physiology
of Bees (FIS-A-BEE, Laboratorio de Fisiologia Ambiental de Abelhas) at the Instituto de
Biociéncias. 2. Group photo of FIS-A-BEE lab members with the authors of this contribution
standing at the center back. 3. Dr. Carlos Navas (Universidade de Sao Paulo) presenting on
the importance of laboratory setups for studying thermoregulation in salamanders, during
the mini-symposium on May 12. 4. One of the small-group follow-up discussions held dur-
ing the afternoon session. 5. Michael Hrncir (left) and Michael Dillon (right) examining one
of the several stingless bee (Apidae: Meliponini) colonies maintained in the laboratory for
physiological and thermal biology studies.
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consequences, voluntary thermal maxima in lizards, gene expression in stingless bees
in response to environmental change, impacts of heat on sperm viability and quality in
stingless bees, advances in thermography, and conceptual and practical challenges in
assessing thermal preference in laboratory settings. Although research on bee thermal
biology is relatively new, many of the concepts, methods, and techniques were first
developed in the 1940s (Cowles & Bogert, 1944) and have since been refined in studies
of other animals (reviewed by Lutterschmidt & Hutchison, 1997), yielding large data
sets critical for addressing global patterns of thermal traits (e.g., Sunday et al., 2011).
For this reason, we intentionally encouraged the participation of researchers working
on diverse organisms, recognizing the value of cross-taxa perspectives in advancing
the nascent field of bee thermal biology. The mini-symposium was simulcast via Zoom
and included the participation of about 50 people from three Brazilian universities
from the state of Sao Paulo, as well as a Canadian and a Spanish university.

The group discussions involved active participation from both attendees and pre-
senters, including the authors of this report. Five key topics were proposed to guide
the conversation: 1) sublethal effects of thermal stress; 2) genetic bases of thermophysi-
ology; 3) lab-based thermophysiology studies as predictors for climate change impacts
on species; 4) novel methods and techniques to study thermophysiology; and 5) ther-
mophysiology applied to species conservation. The session also provided an oppor-
tunity to revisit and expand upon questions raised during the morning presentations.
The lively informal discussions yielded a number of core themes summarized below.

EMERGENT THEMES

METHODOLOGICAL LIMITATIONS. A core theme that emerged across talks and discus-
sions was the often inconsistent application of terminology and methodology used
to characterize thermal biology of bees. Building from studies on other organisms,
measures of thermal tolerance of bees have increased considerably in the last 5 years: a
scholar search on “bee thermal tolerance” yields over 2200 results since 2020, whereas
only a handful of papers measuring thermal tolerance of bees existed prior to 2015.
This explosion in interest is exciting and promising but has also led to considerable
variation in the approaches and experimental conditions employed, often limiting
cross-study comparisons. For instance, one of the most commonly used metrics is the
upper critical thermal limit, or critical thermal maximum (CT__ ). However, this mea-
sure is highly sensitive to the ramping rate and other methodological considerations
(Terblanche et al., 2007) complicating comparisons among studies. Further, the eco-
logical relevance of CT _ has been questioned (Telemeco & Gangloff, 2021), poten-
tially limiting its utility for predicting individual, population, and species responses
to temperatures in the field. A better fundamental understanding of a diverse suite
of thermal traits of bees using standardized approaches will be necessary to better
capture the complexity of responses to temperature, thereby facilitating compelling
predictions of how current and future temperatures may affect bees.

SUBLETHAL HEAT EXPOSURE. Other areas identified as underexplored are the sublethal
impact of heat exposure and the role of behavioral thermoregulation in bees. Only a few
works have assessed their impact on survival, body size, and sperm viability (White &
Dillon, 2023). One of the talks on heat-induced gasping behavior in lizards, presented
by Dr. Melissa Bars Closel from the Universidade Estadual Paulista, Brazil, generated
discussion on the potential of incorporating similar individual behavioral indicators
into bee research in laboratory settings. Identifying and quantifying thermoregulatory
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behaviors in bees may offer valuable, ecologically meaningful metrics that complement
physiological measurements.

PHYLOGENETIC AND GEOGRAPHIC COLD sPOTS. A core theme and initial motivator for
the collaboration/convening/interaction is the clear phylogenetic and geographic bi-
ases in existing studies of bee thermal biology. The current literature is disproportion-
ately focused on social and temperate species, especially honey bees and bumble bees.
In contrast, data on solitary and tropical bees remain sparse (but see Gonzalez et al.,
2023; Harano & Hrncir, 2023). Addressing these gaps is critical for developing a com-
prehensive understanding of bees’ thermal physiology. Furthermore, research over-
whelmingly centers on adult female bees, and typically foraging individuals, while
other life stages (e.g., larvae, pupae) are largely ignored. Analyses of a suite of thermal
traits in a phylogenetic framework will be critical to better understanding the ecologi-
cal and evolutionary drivers of variation in bee thermal biology.

LEssoNs FROM OTHER ANIMALS. The symposium also highlighted the value of re-
searchers looking beyond bees to inform future directions. For example, how might
lessons learned in the mature lizard literature inform next steps in the nascent bee
field? Amphibian studies are also in their infancy and plagued by different challenges
due to life history, such as complex interactions between water balance and tempera-
ture, that may similarly be important for bees (e.g., Botsch et al., 2024).

LEVERAGING WORKING GROUP DIVERSITY. Finally, the geographic breadth of the par-
ticipant institutions and individuals offers a powerful platform for comparative re-
search on thermal ecology across climates, elevations, and bee faunas. We are excited
about the potential opportunities to leverage diverse field sites, local expertise, and
complementary resources for future research on how bees respond to changing tem-
peratures. Next steps include the development of official institutional agreements to
facilitate international cooperation and promoting regular channels of communica-
tions among research groups.
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