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Learning Performance: Students will evaluate evidence that terrestrial organisms’ ranges are shifting more rapidly 

because of rising average temperatures, as well as several other factors including species characteristics and 

environmental factors. 

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 

Analyzing and Interpreting Data 
(SEP4) 
Apply concepts of statistics and probability to 
scientific and engineering questions and 
problems, using digital tools when feasible. 
Evaluate the impact of new data on a working 
explanation and/or model of a proposed 
process or system. 
 
Engaging in Argument from Evidence 
(SEP7) 
Evaluate the claims, evidence, and/or 
reasoning behind currently accepted 
explanations or solutions to determine the 
merits of arguments. 
 
Make and defend a claim based on evidence 
about the natural world or the effectiveness 
of a design solution that reflects scientific 
knowledge and student-generated evidence. 
 

LS2.C: Ecosystem Dynamics, 
Functioning and Resilience 
Ecosystem characteristics vary over time. 
Disruptions to any part of an ecosystem can 
lead to shifts in all of its populations. The 
completeness or integrity of an ecosystem’s 
biodiversity is often used as a measure of its 
health.  
 
If a biological or physical disturbance to an 
ecosystem occurs, including one induced by 
human activity, the ecosystem may return to 
its more or less original state or become a 
very different ecosystem, depending on the 
complex set of interactions within the 
ecosystem. 

 
ESS3.D: Global Climate Change 
Human activities affect global warming. 
Decisions to reduce the impact of global 
warming depend on understanding climate 
science, engineering capabilities, and social 
dynamics. 
 
Global climate models used to predict 
changes continue to be improved, although 
discoveries about the global climate system 
are ongoing and continually needed. 
 
 

 

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

 
Cause and Effect 
Students understand that empirical evidence 
is required to differentiate between causation 
and correlation, and can make claims about 
specific causes and effects. Changes in 
systems may have various causes that may 
not have equal effects. 
 

 

 

 

 

 



 
 

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.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.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.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.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.11-12.9 
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. 

 

Common Core State Standards Statistics & Probability 

Interpreting Categorical & Quantitative Data Making Inferences & Justifying Conclusions 

ID.A.1 
Represent data with plots on the real number line (dot plots, 
histograms, and box plots). 
 

IC.A.1 
Understand statistics as a process for making inferences about 
population parameters based on a random sample from that 
population. 

 
IC.B.4 
Use data from a sample survey to estimate a population mean or 
proportion; develop a margin of error through the use of simulation 
models for random sampling. 

 



 
 

 

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 apply the process of science 
Understand the process of science and how scientists construct new 
knowledge by formulating hypotheses and then testing them against 
experimental and observational data. 
 

Ability to use quantitative reasoning 
Understand how to apply quantitative approaches (statistics, 
quantitative analysis of dynamic systems, and mathematical modeling) 
to solve a variety of problems. 

Science Knowledge is Based on Empirical Evidence 
Scientific arguments are strengthened by multiple lines of evidence 
supporting a single explanation. 
 

Science Knowledge is Open to Revision in Light of New 
Evidence 
Scientific explanations can be probabilistic. While most scientific 
knowledge is quite durable it is, in principle, subject to change based 
on new evidence and/or reinterpretation of existing evidence. 
 

 

 

 

 

 

 

 

 

AP Science Standards 

AP Science Practices AP Biology Content Standards 

Science Practice 4 (SP4) 
The student can plan and implement data collection strategies 
appropriate to a particular scientific question. 
 

Science Practice 5 (SP5) 
The student can perform data analysis and evaluation of evidence. 
 

Essential knowledge 2.D.3 (EK2.D.3) 
Biological systems are affected by disruptions to their dynamic 
homeostasis. Disruptions to ecosystems impact the dynamic 
homeostasis or balance of the ecosystem. 

 
Essential knowledge 4.B.3 (EK4.B.3) 
Interactions between and within populations influence patterns of 
species distribution and abundance. Species-specific and 
environmental catastrophes, geological events, the sudden 
influx/depletion of abiotic resources or increased human activities 
affect species distribution and abundance. 

 



 
 

Article summary (recommended for educator use only) 

During the past century, many terrestrial organisms have shifted their ranges away from the Equator and to higher 

elevations. This paper examines the relationship between range shifts and changing regional annual average 

temperatures. It describes a meta-analysis of published studies of diverse animal and plant species. The authors sought 

to quantify how quickly species are moving, how their range shifts correlate with temperature changes, and how 

consistent range shifts are among species in the same area. 

Importance of this research 

Evidence shows that climate change has already affected biodiversity. It is important that we be able to understand and 

predict how climate change will impact populations and ecosystems so that we can take steps to conserve biodiversity. 

This study quantifies the link between regional temperature changes and latitudinal range shifts of diverse species. It 

also quantifies the variability among responses of individual species and points to the need for further research in this 

area. This information can help scientists and policy makers predict and hopefully prevent biodiversity loss in the future. 

Experimental methods 

• Mean, median, standard error of mean 

• One-sample t test comparing sample mean to an assumed value 

• Scatter plot 

• Linear correlation analysis with Pearson correlation coefficient 

• Chi-square goodness-of-fit test 

• Relative frequency histogram 

Conclusions 

• The median rates of range shift are 16.9 km poleward per decade and 11.0 m uphill per decade. These rates are 

significantly higher than reported in an earlier (2003) analysis. 

• Range shifts correlate with temperature change. Larger range shifts were observed in areas with great 

temperature increases. 

• Range shifts overall are in the direction expected based on the temperature changes. Latitudinal shifts have 

occurred at a rate that tracks climate change; elevational shifts lag behind climate change. 

• Although average shifts correlate with temperature change, individual species responses vary widely. Thus, the 

average rates are not sufficient to predict how an individual species will react to temperature changes. 

 

 

 

 

 



 
 

Learning Performance: Students will evaluate evidence that terrestrial organisms’ ranges are shifting more rapidly 

because of rising average temperatures, as well as several other factors including species characteristics and 

environmental factors. 

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 
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 
Nature of Science 

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

RST.9-10.5 
RST.11-12.5 
RST.9-10.6 
RST.11-12.6 
RST.9-10.8 
RST.11-12.8 
Nature of Science 

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.  
 
 

 
 
SEP6 
SEP7 
SP5 
SP6 
 

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. 

 
Nature of Science 

 
Meta-analysis 
 
Provide students with an introduction to meta-analyses. Have them compare the 
methods used in a meta-analysis with those used in a traditional observational study 
(such as one of the studies used in this paper’s meta-analysis). Students can consider 
the diversity of skills and interests involved in each kind of study. 

 
SEP4 
SEP7 
Nature of Science 

 

 

 



 
 

1. In the first sentence of this article, the authors say that climate change is a threat 
to global biodiversity. Why is biodiversity important? What impacts could the range 
shifts observed in this study have on biodiversity? 

SEP7 
LS2.C 
Cause and Effect  
SP5 
EK2.D.3 
EK4.B.3 
 

2. This analysis focused mainly on averages of many species in different ecosystems 
(Figure 1). Yet the authors point out that individual species can react very 
differently from other species (Figure 2). What are some situations in which the 
average response would be a more useful model? How about the individual 
response? 

SEP4 
ESS3.D 
Patterns 
SP5 
EK4.B.3 
 
 
 

3. The authors compared their results to a previous meta-analysis of range shifts. 
Since this kind of study had already been done, what reasons might the authors 
have had for conducting their own study? How did they build on what had been 
done before? 
 

SEP7 
LS2.C 
Patterns 
SP5 
EK4.B.3 
Nature of Science 
 

4. What are some characteristics that would affect a population's ability to adapt to 
climate change by moving? Think about how each of the following populations 
could shift its range, how long that would take, and compare the advantages and 
disadvantages for each: prairie grass, oak tree forest, squirrel, owl, spider, bee, 
lizard, antelope, ant. 

 

LS2.C 
Cause and Effect 
EK2.D.3 
EK4.B.3 
 
 

5. Most of the data used in the meta-analysis come from studies in Europe and North 
America. In an interview, author Dr. Chris Thomas stated that more data is needed 
from other places to obtain a clearer global picture. Why is it important to have 
data from around the world? How do you think this might affect the results and 
conclusions? 
 

 

SEP7 
LS1.A 
ESS3.D 
Patterns 
SP5 
EK2.D.3 
EK4.B.3 
 

6. How well does average annual temperature describe the climate of an area? Why 
do you think the authors chose this measurement for their analysis? What other 
climate variables could be examined? Do you think that would change the 
conclusions of the study? 

SEP7 
Cause and Effect 
SP5 
Nature of Science 
 
 

 


