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DISCUSSION QUESTIONS 

1. How did researchers investigate if the use of pesticide or neonicotinoid 
applications accounted for changes in bumblebee species’ range or thermal 
limits? What research question could Kerr et al. (2015) have asked to answer 
this? What statistical analysis did they use? 

SEP1 
Patterns 
Stability and Change 
RST.9-10.8 
RST.11-12.8 
SP7 
Nature of Science 
 

2. What are thermal and latitudinal limits? Why is it important for species to 
expand their latitudinal limits under rapid climate change? What are some 
things we could do to help species expand their latitudinal limits under rapid 
climate change? 
 
 

ESS3.D  
Stability and Change 
RST.9-10.2 
RST.11-12.2 
SP7 
EK4.B.4 
 

3. Previous studies showed that species of numerous groups have shifted north 
under climate change, and expanded their range. Discuss why it is important 
for species to expand their distribution under rapid climate change. 
Alternatively, when species fail to expand (like bumblebees), what potential 
mitigation measures should we consider? 
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4. Kerr et al. (2015) say, “If species expand their northern range limits to track 
recent warming, their ranges should show positive (northward) latitudinal 
shifts, but cool thermal limits should be stable through time.” Why is it 
important to develop and state predictions in a scientific study? Following the 
format that the authors use above, and keeping in mind the variables that the 
authors measured, predict study results if (a) species did not expand their 
northern range limits to track recent warming, (b) species did not respond to 
increasing temperatures at their southern range limits, (c) species fled from 
increasing temperatures at their southern ranges, and, (d) species did not 
expand in elevation to track warming. 
 

SEP1 
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RST.9-10.5 
Nature of Science 
 
 

5. What is niche conservatism? What trait did bumblebees conserve through 
time, as suggested by Kerr et al. (2015)? How does niche conservatism affect 
bumblebees at their southern range edge compared to their northern range 
edge? If applicable, link your answer to climate change. 
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ACTIVITIES FOR INTERACTIVE ENGAGEMENT 

Writing an abstract 
 
Students write a new abstract for the article at a grade-appropriate reading level. 
 
 

RST.9-10.2 
RST.11-12.2 
SP7 
Nature of Science 

Locating this study in the larger field 
 
Students use the annotated list of references to explain how this research builds on the 
published work of at least one other independent group of scientists. Students will 
evaluate whether data from this research supports or contradicts previous conclusions, 
and reflect on the statement that scientific knowledge is a “community effort.” 
 
 

RST.9-10.8 
RST.11-12.8 
SP7 
EK4.B.4 
Nature of Science 

Science in the news 
 
Students explore news stories in the Related content tab and evaluate the stories for 
tone, accuracy, missing information, etc. They may then write their own news stories 
on the article.  
 

ESS3.D  
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RST.11-12.5 
RST.9-10.8 
RST.11-12.8 

Results and conclusions 
 
Students diagram each of the experiments presented in the study (divided up by figure, 
if appropriate). They then consider the results depicted in each figure, and how these 
results support the conclusions of the study.  
 

Patterns 
Stability and Change 
RST.11-12.8 
Nature of Science 

 
The next steps 
 
Students design a follow-on experiment to this study that either addresses flaws or 
unanswered questions in the research at hand, or builds on it to explore a new 
question. 
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ARTICLE OVERVIEW 

Article summary (recommended for educator use only) 

This research was the first to link widespread and cross-continental bumblebee losses and climate change. In this article, 

researchers tested for climate change related shifts in the distribution of bumblebee species across Europe and North 

America over 110 years. They analyzed historical and current latitudinal and thermal range limits, for 67 different 

bumblebee species. Since 1901, the southern edge of species’ range did retreat towards higher latitudes, but contrary to 

expectations, the northern edge of species’ range remained stable. This indicates a compression of their range. Further, 

using phylogenetic generalized least squares (PGLS) trait-based analysis, the authors found that bumblebee species 

adapted to hotter climates shifted higher in altitude, whereas those adapted to cooler climates have not. Surprisingly, 

effects observed here were not linked to changes in land use or pesticide use. 

Importance of this research 

Northward shifts have been observed among numerous terrestrial and aquatic organisms prior to this research, 

including other bee species, butterflies, and other pollinators. In most instances, the range edge closest to the equator 

remains stable through time while the northern range edge moves further north. Understanding how bumblebee 

species respond to climate change on a broad scale is crucial to their conservation as they currently face many other 

threats, likely acting synergistically or compounding with this threat. It indicates whether they are able to colonize new 

areas under rapid climate change. Authors found that bumblebees were unable to colonize new areas, as their 

distribution is shrinking, and that bumblebees adapted to hot temperatures have shifted higher in altitude. They found 

no link to pesticide or land use change, which was unexpected. Kerr et al. (2015) shows that, while these threats do 

affect bumblebee populations on a smaller scale, they do not have an effect on a broad scale. This is one of the first 

studies to explicitly demonstrate climate change driving species toward extinction, and will be influential to how we 

evaluate climate change risk for all species. 

Experimental methods 

• Authors used a massive, long-term (longitudinal) dataset to ask the research question: Are bumblebees’ 

latitudinal and thermal range limits tracking climate change across Europe and North America? 

• Measurements of historical latitudinal range, elevation, and thermal niche limits across a baseline period (1900-

1974), which marks a time before rapid climate change impacts were felt. These variables were also measured 

across later time periods (1975-2000). 

• Statistical analyses, such as ordinary least squares regressions, were used to measure the effects of pesticides 

and land-use change on bumblebees’ range changes. 

• Models of trait evolution were used to account for evolutionary differences, by comparing latitudinal limits and 

thermal limits to determine if these were similar or closely related species. Using a PGLS trait-based analysis, the 

authors found that bumblebee species adapted to hotter climates shifted higher in altitude, whereas those 

adapted to cooler climates did not. 

Conclusions 

• Across species and continents, bumblebees failed to track their cool thermal limit, whereas losses at the range 

edge closest to the equator are rapid. This could not be explained by changes in pesticide use or land use. 



 
 

• Bumblebee species adapted to southern latitudes (hotter climates) are shifting towards cooler climates, 

whereas northern species are not. 

• Trait analyses indicate niche conservation (that is, species tendency to keep their ancestral traits) in species’ 

upper thermal limits. Authors hypothesize for the temperate origin of bumblebees to explain their sensitivity to 

hot climates. 

 

 

 

 

 

 

  



 
 

LEARNING STANDARDS ALIGNMENT 

Learning Performance: Students will evaluate the evidence for the changes in bumblebee distribution and construct an 

explanation of how climate change relates to bumblebee species’ shrinking distributions are supported by multiple lines 

of empirical evidence, such as the comparison of historical and current altitudinal and thermal range limits. 

The following tables provide an overview of the learning standards covered by this article, including the A Framework for 

K-12 Science Education (Framework), Common Core State Standards English Language Arts-Literacy (CCSS ELA), Common 

Core State Standards Statistics and Probability (CCSS HSS), AP Science Practices, and Vision and Change for 

Undergraduate Education. Where applicable, activities and information will be marked with specific standards to which 

they are linked. 

A Framework for K-12 Science Education  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Asking Questions and Defining 
Problems (SEP1) 
Science begins with a question about a 
phenomenon and seeks to develop theories 
that can provide explanatory answers to such 
questions. 
A basic practice of the scientist is formulating 
empirically answerable questions about 
phenomena, establishing what is already 
known, and determining what questions have 
yet to be satisfactorily answered. 
 

ESS3.D: Global Climate Change 
Driven by human activities, climate change 
has already generated consequences for all of 
Earth’s surface systems, including the 
biosphere (observable impact on species’ 
distributions since the beginning of the last 
century). 

 

Patterns 
Observed patterns of forms and events guide 
organization and classification, and they 
prompt questions about relationships and the 
factors that influence them. 
 

Stability and Change 
Much of science deals with constructing 
explanations of how things change and how 
they remain stable. 

 

 

 

Common Core State Standards English Language Arts-Literacy 

Key Ideas and Details Craft and Structure Integration of Knowledge and Ideas 

RST.9-10.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to the precise details of 
explanations or descriptions. 

 
RST.9-10.2 
Determine the central ideas or conclusions of 
a text; trace the text’s explanation or 
depiction of a complex process, phenomenon, 
or concept; provide an accurate summary of 
the text. 

 
RST.11-12.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to important distinctions the author 
makes and to any gaps or inconsistencies in 
the account. 

RST.9-10.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 9-10 texts 
and topics. 

 
RST.9-10.5 
Analyze the structure of the relationships 
among concepts in a text, including 
relationships among key terms (e.g., force, 
friction, reaction force, energy). 

 
RST.9-10.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, defining 
the question the author seeks to address. 

RST.9-10.8 
Assess the extent to which the reasoning and 
evidence in a text support the author’s claim 
or a recommendation for solving a scientific 
or technical problem. 
 

RST.9-10.9 
Compare and contrast findings presented in 
a text to those from other sources (including 
their own experiments), noting when the 
findings support or contradict previous 
explanations or accounts. 

 
RST.11-12.8 
Evaluate the hypotheses, data, analyses, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions 
with other sources of information. 



 
 

 
RST.11-12.2 
Determine the central ideas or conclusions of 
a text; summarize complex concepts, 
processes, or information presented in a text 
by paraphrasing them in simpler but still 
accurate terms. 
 

 
RST.11-12.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 11-12 
texts and topics. 
 

RST.11-12.5 
Analyze how the text structures information or 
ideas into categories or hierarchies, 
demonstrating understanding of the 
information or ideas. 
 

RST.11-12.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, identifying 
important issues that remain unresolved. 

 
RST.11-12.9 
Synthesize information from a range of 
sources (e.g., texts, experiments, 
simulations) into a coherent understanding 
of a process, phenomenon, or concept, 
resolving conflicting information when 
possible. 

 

AP Science Standards 

AP Science Practices AP Biology Content Standards 

Science Practice (SP7) 
The student is able to connect and relate knowledge across various 
scales, concepts, and representations in and across domains. 
 

 

Essential knowledge 4.B.4 (EK4.B.4) 
Distribution of local and global ecosystems changes over time. 
Geological and meteorological events impact ecosystem distribution. 
Human impact accelerates change at local and global levels.   
  

 

Connections to the Nature of Science 

Vision and Change for Undergraduate Biology Education 
Core Competencies and Disciplinary Practices 

A Framework for K-12 Science Education 
Understandings About the Nature of Science 

Ability to Use Quantitative Reasoning 
Apply quantitative analysis to interpret biological data. 
 

Scientific Investigation Uses a Variety of Methods 
Scientific inquiry is characterized by a common set of values that 
include: logical thinking, precision, open-mindedness, objectivity, 
skepticism, replicability of results, and honest and ethical reporting of 
findings. 
 
 

 


