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Synopsis:  In this second part of this 3 part unit on evolution, students investigate the case of the UCSD juncos. These birds appear to 
be far bolder than other juncos that they are closely related to. This case sparks questions about whether behavior can be inherited. 
Students analyze data from this case study, as they wrap up their experiments with antibiotics and bacteria. They use what they 
figure out from both the juncos and their bacteria experiments, to complete their mission as citizen scientists, developing more 
effective infographics to sway individual health choices related to the misuse of antibiotics. 
 

What students figure out:  By the end of the unit, students develop ideas about natural selection & evolution including: 
 

● Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion 
of some species and the emergence of new distinct species, as well as the extinction of other species. 

 

● Genetic information provides evidence of evolution; multiple lines of descent can be inferred by comparing the DNA sequences 
of different organisms. 

 
NGSS PERFORMANCE 
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● Natural selection occurs only if there is both variation in the genetic information among organisms in a population and variation in the expression of that genetic 
information—that is, trait variation—that leads to differences in performance among individuals. The traits that positively affect survival are more likely to be reproduced, 
and thus are more common in the population. Natural selection leads to adaptation. 

 

● Evolution is a consequence of the interaction of four factors: (1) the potential for a species to increase in number, (2) the genetic variation of individuals in a species due to 
mutation and sexual reproduction, (3) competition for an environment’s limited supply of the resources that individuals need in order to survive and reproduce, and (4) the 
ensuing proliferation of those organisms that are better able to survive and reproduce in that environment.  

 

Targeted NGSS Performance Expectation(s): 

● HS-LS-4.1:  Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical evidence.  
 
● HS-LS4-2:  Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable 

genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to 
survive and reproduce in the environment. 

 
● HS-LS4-3:  Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait. 

 
● HS-LS4-4:  Construct an explanation based on evidence for how natural selection leads to adaptation of populations.  

 
● HS-LS4-5:  Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new 

species over time, and (3) the extinction of other species.  
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Targeted Scientific Practice(s) Targeted DCI(s) Targeted Cross-Cutting Concept(s) 

Obtaining, Evaluating, and Communicating Information 
● Communicate scientific information (e.g., about 

phenomena and/or the process of development and the 
design and performance of a proposed process or system) 
in multiple formats (including orally, graphically, textually, 
and mathematically). (HS-LS4-1) 

 
Constructing Explanations and Designing Solutions  
● Construct an explanation based on valid and reliable 

evidence obtained from a variety of sources (including 
students’ own investigations, models, theories, 
simulations, peer review) and the assumption that 
theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in 
the future. (HS-LS4-2) (HS-LS4-4) 

  
Analyzing and Interpreting Data 
● Apply concepts of statistics and probability (including 

determining function fits to data, slope, intercept, and 
correlation coefficient for linear fits) to scientific and 
engineering questions and problems, using digital tools 
when feasible. (HS-LS4-3) 

 
Engaging in Argument from Evidence 
● Evaluate the evidence behind currently accepted 

explanations or solutions to determine the merits of 
arguments. (HS-LS4-5) 
 

- - - - --- - - -   Connections to Nature of Science   - - --- - - - - -  
 
Scientific Knowledge is Based on Empirical Evidence 
● A scientific theory is a substantiated explanation of some 

aspect of the natural world, based on a body of facts that 
have been repeatedly confirmed through observation 
and experiment and the science community validates 
each theory before it is accepted. If new evidence is 
discovered that the theory does not accommodate, the 
theory is generally modified in light of this new evidence. 
(HS-LS4-4) 

LS4.A: Evidence of Common Ancestry and Diversity 
● Genetic information, like the fossil record, provides evidence of evolution. DNA 

sequences vary among species, but there are many overlaps; in fact, the ongoing 
branching that produces multiple lines of descent can be inferred by comparing the 
DNA sequences of different organisms. Such information is also derivable from the 
similarities and differences in amino acid sequences and from anatomical and 
embryological evidence. (HS-LS4-1) 

 
LS4.B: Natural Selection 
● Natural selection occurs only if there is both (1) variation in the genetic information 

between organisms in a population and (2) variation in the expression of that 
genetic information—that is, trait variation—that leads to differences in 
performance among individuals. (HS-LS4-3) (HS-LS4-4) 

● The traits that positively affect survival are more likely to be reproduced, and thus 
are more common in the population. (HS-LS4-3) 

 
LS4.C: Adaptation 
● Natural selection leads to adaptation, that is, to a population dominated by 

organisms that are anatomically, behaviorally, and physiologically well suited to 
survive and reproduce in a specific environment. That is, the differential survival 
and reproduction of organisms in a population that have an advantageous 
heritable trait leads to an increase in the proportion of individuals in future 
generations that have the trait and to a decrease in the proportion of individuals 
that do not. (HS-LS4-3) (HS-LS4-4) 

● Adaptation also means that the distribution of traits in a population can change 
when conditions change. (HS-LS4-3) 

● Changes in the physical environment, whether naturally occurring or human 
induced, have thus contributed to the expansion of some species, the emergence 
of new distinct species as populations diverge under different conditions, and the 
decline–and sometimes the extinction–of some species. (HS-LS4-5) 

● Species become extinct because they can no longer survive and reproduce in their 
altered environment. If members cannot adjust to change that is too fast or drastic, 
the opportunity for the species’ evolution is lost. (HS-LS4-5) 

● Evolution is a consequence of the interaction of four factors: (1) the potential for a 
species to increase in number, (2) the genetic variation of individuals in a species 
due to mutation and sexual reproduction, (3) competition for an environment’s 
limited supply of the resources that individuals need in order to survive and 
reproduce, and (4) the ensuing proliferation of those organisms that are better 
able to survive and reproduce in that environment. (HS-LS4-2) 

Cause and Effect 
● Empirical evidence is required to differentiate 

between cause and correlation and make claims 
about specific causes and effects. 
(HS-LS4-2)((HS-LS4-4)(HS-LS4-5) 

 
Patterns 
● Different patterns may be observed at each of the 

scales at which a system is studied and can 
provide evidence for causality in explanations of 
phenomena. (HS-LS4-1)(HS-LS4-3) 
 

---------- Connections to Nature of Science --------- 
 
Scientific Knowledge Assumes an Order and 
Consistency in Natural Systems 
● Scientific knowledge is based on the assumption 

that natural laws operate today as they did in the 
past and they will continue to do so in the future. 
(HS-LS4-1)(HS-LS4-4) 
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Key to storyline columns: 

Lesson 
 Question 

 (time) 
 

Building toward  

⬇ 
NGSS PEs :  

 

Phenomena  Lesson Performance Expectation(s):  
 

● Blue bold font: Science and Engineering Practice 
● Regular font: Quoted from Appendix F Practices Matrix  
● Italicized font:  Specific storyline context (phenomena / question) 
● Green font:  Cross-cutting concept(s) 
● Orange font:  Disciplinary Core Ideas (or pieces of these DCIs) 

What were we wondering  and What Do We Think  
What We Figure Out  (CCCs & DCIs),  

New Question s  and Next Steps 
  
 
● Yellow background font:  What did we figure out, what were wondering and 

what do we need to do now? 
● Green font:  Cross-cutting concept(s) 
● Orange font:  Disciplinary Core Ideas (or pieces of these DCIs) 
● Purple italicized font:  New questions that we now have 
● Purple bold font: Our ideas for the next (or future) steps to pursue.  
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This Lesson...What we are doing now: Students will need to see if natural selection is something that happens with other organisms or if this is something that just happens in bacteria. Students 
identify criteria for studying a different organism to see whether their model can apply to other organisms. 
 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L14: Which 
aspects of our 
natural 
selection model 
apply to other 
organisms?  
  

1 period: 
(50 min) 

 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2  

 

All previous 
phenomenon 
 
We have lots of 
experiences with 
other populations of 
organisms that we 
know reproduce 
much less quickly 
than bacteria, are 
not microscopic, 
and have more than 
one biological 
parent. 
 

Design a test of a 
model of the outcomes 
of natural selection by 
identifying system 
components that need 
to vary in a new model 
organism. 

We had figured out that our model for population changes in bacteria is most similar to a model proposed by Darwin for other 
population changes over time. We wondered if this natural selection process happens only in bacteria, or aphids that reproduce 
asexually, or when a chemical is being used to kill them. We wondered how we could tell if it might apply to other organisms. 
 
 
Most of the organisms we know of are much bigger, reproduce differently (not clones of one parent), reproduce much less quickly, 
and interact with things in much larger systems than a human body or a Petri dish, and have more visible trait variations. We argued 
that we should try to test this model with a case that has much different characteristics for each of these elements to see what 
exactly about each of these mechanisms is critical to the type of population changes we saw in bacteria or aphids (shifts in 
distributions in traits). 

● Reproduction: Although we think reproduction is important, would changing the type of reproduction (sexual vs. asexual) 
matter? Would changing the rate of reproduction (reproduce less often) matter? 

● Trait variation: Although we think trait variation in a single-celled (microscopic) organism is important, would different trait 
variations less about the structure of the organism also be important? What about traits that might not be inherited? 

● Scale of the system they live in: Although we think that availability of limited resources (food and space) could affect 
survivability and distribution in space (where you are located—being at the right place at the right time—to be more 
protected from a wave of antibiotics), we wondered if availability or access to limited resources is an issue where there are 
many more resources (in a much larger environment). 

● Interactions: Although we think it’s plausible that variation in cell structure and its interaction with substances in the 
environment could grant some individuals a competitive advantage for survival as well, we didn’t see this interaction up 
close. We wondered if the interactions with the environment were more complex and whether this outcome would hold. 

 
We argued that if we could find a very different case to test our model against, (one that is more extreme in these elements) we 
could evaluate the applicability of this natural selection model. We anticipated three possible outcomes of evaluating another case: 

● We will find that the mechanisms and outcomes of natural selection don’t transfer well (aren’t applicable) to other 
organisms. 

● We will find that some, but not all, of the mechanisms and outcomes of natural selection transfer well to other organisms.  
● We find that all of the mechanisms transfer well to other organisms. 

We anticipate that any of these outcomes will raise new questions about why those aspects of the model are generalizable to other 
systems.  
 
We brainstormed possible organisms that could satisfy the kind of criteria we have for testing the extensibility of our model and came 
up with lots of possibilities including many types of animals. We thought that trying to apply our model to any case that we have 
sufficient data for would help us become more certain of what parts (if any) of it are transferable to any population of organisms.  
 
Next Steps: We decided we really need to work with a case in this territory that has a rich set of data for us to inspect. 
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This Lesson...What we are doing now: Students will be introduced to a new case study around a population of birds; the dark-eyed junco, that stopped migrating back and forth between the 
coast of Southern California and the mountains. They will gather information from a video about a founder population that was established on the campus of the University of California San Diego 
60 years, and stayed. Students will figure out that there are differences in physical and behavioral traits between the mountain and city juncos. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Questions  and Next Steps 
  

L15: What is 
happening in this 
new case of the 
UCSD juncos? 
 

2 periods:  
(50 min + 50 min) 

 

 
 

Building toward  

⬇ 
NGSS PEs :  
HS-LS4-1 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4  
HS-LS4-5 

 

A video clip 
(00:00-09:12) on 
juncos provides 
footage (and some 
descriptions) of them 
in an environment (a 
college campus in a 
city) where they now 
live year-round, but 
that they used to 
only visit in the 
winter (and then 
would return to the 
mountains in the 
spring). 
 
A video clip 
(11:22-12:00) 
provides footage 
(and some 
descriptions) of the 
behavioral trait 
differences in the 
UCSD juncos 
compared to the 
mountain juncos:  
 
An image from the 
video summarizes 
some physical trait 
differences in the 
UCSD juncos 
compared to the 
mountain juncos: 
 

Develop models to 
provide mechanistic 
account of phenomena 
to explain what  causes 
a  behavioral trait 
difference and a 
physical trait difference 
in different juncos 
(effect)  [UCSD juncos 
are bolder and have 
less white in their tail 
feathers than mountain 
juncos]. 
 
Ask questions about 
how the population of 
juncos might be 
changing and whether 
those changes are the 
(effect) result of 
inheritance or learning 
(cause) and how this 
might be connected to 
the environment they 
live and reproduce in. 

Last time, we decided we needed to find a new case to apply our model of natural selection to. Our teacher found us a candidate 
case of a bird (junco) on a college campus in California, that met these criteria and introduced it to us through video clips.  
 
From the first video clip (05:02-09:12), we noticed a lot of things that are happening with the juncos shown there: 

● For a long time, dark-eyed juncos in California migrated between the mountains where they bred and the coast where they 
spent winters.  

● Some juncos that once migrated back and forth between mountains and the city stayed in the city and formed a small 
community that bred in the city rather than in the mountains. 

● These were first discovered in the early 1980s. 
● Now there are about 80 individuals in this campus community (UCSD), and it is a relatively stable population. 
● Mountain juncos spend summer in the mountains and winters on the coast. 

 
We organized this information in a timeline model to represent the features about the environments, populations, and time that 
we know. After organizing this information, we were wondering: What’s changing here that might have led to the emergence of 
this new population of juncos? 
 
We decided to watch the video again. This time, we pay more attention to the mountain and city environments, and 
what’s said about how they are different.  
 
We noticed some new things about the two different environments and added them to our timeline: 

● The nests in an alpine forest in the mountains above 4,000’; it snows in the mountains in the winter. 
● There are lots of people on campus, but not in the forest. 
● Water and food are abundant in city. 
● There are more nest predators (cats and crows) in the city. 

 
We gathered information a second video clip (11:22-12:00) and an image from the video that helped us identify an interesting 
behavioral and physical difference in the UCSD juncos: 

● The UCSD juncos are bolder than the mountain juncos. 
● They have less black in the feathers on their head, less white in their tails, and they have shorter wings.  

 
We developed two initial models: 

● One explains what causes a UCSD junco to be bolder than a mountain junco. 
● One explains what causes them to have less white in the tail feathers. 

 
We continued to investigate some of the differences between the campus and mountain environments in our home-learning (via 
street views on google). And we brainstormed how this might be related to these things: 

● How the environments, might be related to the differences in boldness, wing length, feather coloring, and breeding season 
you saw in the two junco populations. 
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● Other organisms that we’ve encountered, that interact with people in both urban and rural environments, that you’ve seen 
these three types of variations between individuals:(Coloration varies between individuals, limb length (rather than 
wingspan) varies between individual, and boldness (or another behavior) varies between individuals. 

● How our explanation for why these differences exist in these organisms compares to the initial one we developed for 
juncos. 

 
We compared our initial models for what causes these physical and behavioral trait differences in the juncos. All of our models 
showed that for colors of tail feathers, there’s likely something inherited (genetic differences) from parents. But our models for 
behavioral differences had a wider variety of explanations such as: 

● Less bold birds are more afraid. 
● A bird that gets closer remembers it had a good experience of being fed (e.g., remembers that food was on ground from 

humans); city birds are used to seeing lots of people, but mountain birds aren’t.  
 
We argued that some traits might be inherited (physical ones), but other traits (like behaviors) must be learned.  
 
We wrote our questions of what  we’re hoping this case will help us understand. We added our most compelling ones to our 
Driving Questions Board around our juncos timeline model: 

● How does a bird teach its young? 
● Where life is easier, do the birds grow up calmer? 
● Why is there less white in the tail feathers in the city? 
● Why did some birds go back but others stay, when the city had better weather and easier food? 
● Can we be sure that there weren’t birds like this before 1980s? Maybe the birds were already there? 

 
We had some clusters. We give each cluster its own overarching question: 

1. How is this trait learned or inherited?  
2. What role does the environment play in the juncos’ changes? in causing juncos to stay? in causing other organisms to 

be the way they are? 
3. Are these the same type/species of junco? Just how different are the juncos? 

 
Next Steps: We decide to start with the first question of “Is this trait learned or inherited?” And if this is where we want 
to start, then we’ll look at how the environment might matter for inherited and/or learned traits. Then last, we can look 
at the species of juncos.  
 
Home-learning: We evaluated how well this case meeting the criteria identified for a different case to study, to 
determine how well it appears to meet each of the criteria. 

 
 
 
 
 
 
 

 
This Lesson….What we are doing now: Students will collect data and represent the distribution of trait variation in their class (arm span) for two populations (boys vs. girls). Students will read a 
scientific paper to learn about the methods used to quantify how much white is in a juncos’ tail feathers. Students will analyze data of wing length, tail length, and % white in tail feathers for the 
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UCSD and mountain junco populations, to support making claims about the differences in these traits between populations, variation within the population, and overlap in the variations found in 
both populations. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L16: Just how 
different are 
these two 
populations of 
juncos from one 
another? 
 

2.5 periods 
(50 min + 50 min 

+ 25 min) 
 

 
 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 
HS-LS4-5 

 

There is variation in 
arm span within a 
human population 
(our class). 
 
There is variation 
wing length, tail 
length, and % white in 
tail feathers in the 
UCSD and mountain 
junco population and 
between populations 
(from Pamela Yeh’s 
paper on “ Rapid 
Evolution of a 
Sexually Selected 
Trait Following 
Population 
Establishment in a 
Novel Habitat”  ) 
 
 

Obtain and 
Communicate 
Information from 
scientific literature 
adapted for classroom 
use to determine the 
methods scientists use 
to quantify a physical 
trait variation (amount of 
white in tail feathers ). 
 
Analyze and Interpret 
data by applying 
concepts of statistics 
and probability to 
identify patterns in 
physical trait variations 
(wing size, tail length, 
and the amount of white 
in tail feathers) within 
and between the UCSD 
and mountain junco 
populations, in support 
of making claims about 
how different these 
juncos are from one 
another. 

We looked at juncos from the video and realized we couldn’t tell whether they were UCSD or mountain juncos just by looking at 
them. We argued that scientists didn’t determine which ones were which, nor how they were different by just looking at them 
either, and must have measured them somehow for the trait differences they reported.  
 
We have some initial ideas of how we would measure wing size, tail length, and white in tail feathers. We shared our ideas as a 
class and decided we can use ourselves to develop a method to measure wing size. We also wondered if a method has already 
been developed to measure white in tail feathers, similar to the ones we came up with. 
 
We divided ourselves into two populations to compare and measure our arms like we think scientists would measure wing 
lengths. We then used our data to create a histogram and three related distribution measures to support making claims about 
the difference in arm span within and between two populations: the left and right side of the room. 
 
We compared how scientists who measured the juncos reported their data and analyzed the data to support making claims 
about how different these juncos are from one another:  

● UCSD juncos have smaller wings and tail feathers than mountain juncos 
● Not every city junco has the exact same amount wing length or tail length 
● There is variation across each population, and overlap in some of the variations between populations. 

 
We are still wondering about how scientists did something like this for color measurements, so we read the methods of a 
scientist who studied this and compared it to our initial ideas. We analyzed the distribution of the data from this scientists study 
to support making further claims about  different these juncos are from one another: 

● UCSD juncos have less white in their tail feathers than mountain juncos. 
● This is an average, and doesn’t mean that every city junco has the exact same wing length or tail length; there is 

variation across each population, and overlap in some of the variation between populations. 
 

Though we now know that it is possible to quantify physical traits, which we argued before were inherited, now we are 
wondering, how exactly are physical traits, like white tail feathers and wing length, are inherited?  
 
Next steps: We wanted to investigate this question further next time. 

 
 
 
 
 

 

This Lesson...What we are doing now: Students will use a karyotype to develop a model for how alleles for different genes are passed on through half the chromosomes inherited from each 
parent in sexually reproducing organisms. They will gather information from data packets for how different alleles cause different feathers patterns and colors as well as different body sizes and 
limb proportions in pigeons. They will argue from evidence how a similar mechanism could influence melanin production and growth hormone production which could explain how different 
juncos can have different amounts of white coloring in tail feathers and different wing and tail lengths. 
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Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L17: How are 
physical traits 
like wing color 
or wing length 
are inherited? 
 

1.5-2 *periods 
(50 min + 25 + 25 

min*) 
*The additional 25 

min are for 
classes that have 

not done a 
genetics unit yet. 

 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS3-1 

 

 Human Karyotype 

 

Some physical trait 
variations in pigeons 
appear similar to trait 
variations in juncos; 
Different trait 
variations are 
influenced by a 
different numbers of 
genes and alleles and 
substances that cells 
produce.  
(adapted from 
http://learn.genetics.ut
ah.edu/content/pigeon
s/ ) 
 

 

 

Obtain and 
Communicate 
Information -  Integrate 
sources of information 
presented in text and 
pictures and relayed 
verbally to peers in 
order to develop a 
model for how different 
alleles  (cause)  can be 
inherited in sexual 
reproduction, how they 
affect  the substances 
that cells produce and 
how this  affects  the 
physical trait variation 
seen in the organism 
(like amount of amount 
of feather coloring or 
wing length) . 

We decided that we wanted to find out how physical traits, like white tail feathers, are inherited. We argued that a what is 
passed down when a trait is inherited in people (like hair color or height), isn’t the trait itself, but something that is packaged in 
the sex cells that mom and dad contribute to the offspring that tells the cells of that individual what to do and produce as it 
grows. We argued that this was sometimes referred to as DNA, or genetic instructions, or genes, or chromosomes. 
 
We annotated a karyotype of the chromosomes found in human body cells to represent how pieces of genetic information  are 
passed on from one generation to the next and where genetic information for producing substances that influence the 
expression of different trait variations is located. Our model showed that: 

● The nucleus contains matching pairs of similar lengths of DNA (chromosomes) 
● One chromosome from every pair is passed on from mom and one from dad to an offspring. 
● There is a 50/50 chance for which chromosome of each pair ends up in a sex cell. 
● A gene is located on a section (band) of one chromosome pair; there are many genes (on a chromosome) 
● There are variations in the instructions for a gene (called alleles). 
● Each allele provides instructions about what type of substances cells should produce. 
● The same number of pairs of chromosomes are found in human body cells, and a different number of pairs in the 

juncos we are study, and a different number of pairs in some other birds (like pigeons) 
 
We argued that this is why siblings from biological parents can have different traits, but bacteria always don’t (they only get the 
a copy of all the DNA from only one parent). 
 
We gathered and shared information (jigsaw format from 8 different web pages) about how many chromosomes and alleles are 
responsible for a particular trait in pigeons related to feather patterns and colors and limb lengths, as well as substances 
produced by cells that have those alleles that lead to certain trait variations. 
 
From this we argued that a model for how 1) chromosomes and the alleles they carry, 2) provide instructions for body cells on 
what substances they produce, which 3) results in certain trait variations, could account for variation in amount of white feather 
coloring and wing and tail length between two juncos.  
 
We wondered whether we would find similar patterns in population data of the behavior of UCSD juncos vs. mountain juncos 
and we brainstormed what type of data we would need to answer this question. 
 
Next steps:  We want to investigate that type of data (behavior measures) next time to see how different their behavior is from 
one another. 

 
 
 

 

This Lesson...What we are doing now: Students will view a video clip that makes a claim that city juncos are “bolder than their mountain counterparts.” They will analyze data sets to determine 
one major difference in the behavior that can be attributed to how they react to humans that get near them, and how close they let humans get before reacting. They also notice that within both 
populations of birds, there is variation in this trait. Students develop models that account for differences in this behavior and analyze evidence that suggests that this reaction time has been 
changing from one generation to the next. 
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Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L18: Just how 
different is the 
UCSD birds’ 
behavior? 
 

2 periods  
(50 min + 50 min) 

 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-1 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 
HS-LS4-5 

 

A portion of a short 
video clip (from 
11:22-12:00) 
provides information 
about what people 
are observing: “bold 
behavior” in UCSD 
juncos. 
 
Figure/graphs 
provide data on 
reaction vs. proximity 
responses to humans 
in both populations of 
juncos 

 
 
Urban birds have 
been observed to 
have gotten 
progressively shorter 
flight distances than 
rural birds over time. 

 
 
 

Obtain and 
Communicate 
Information from 
scientific literature 
adapted for classroom 
use to determine the 
methods scientists 
use to quantify a 
behavioral trait 
(boldness). 
 
Argue from evidence 
making a claim based 
on patterns in the data 
related to flight 
initiation distance, as 
evidence for the 
claims that  variation in 
behavior  exists within 
and between junco 
populations and that 
the birds l iving in a 
city  environment  are 
becoming bolder  over 
many generations. 
 

We argued that some trait variations might not matter (might not grant the bird a competitive advantage for survival), while others 
like wing length or behavior may. We thought variations in behavior in particular could grant some individuals a competitive 
advantage for surviving over others in certain environments. 
 
We are wondering how different the city birds’ behavior is from mountain birds’ and how different behavior is between individuals. 
We recall that in Lesson 15 we heard from a scientist that the juncos found in the city are less afraid of humans. So it seems as if 
city birds would get closer to people or let people get closer to them than mountain birds. Is that for real? How could you measure 
that? 
 
We had some initial ideas of how we would measure how close a bird gets to you and what sort of reaction you might measure. 
We shared our ideas as a class and wonder if a similar method has already been developed. 
 
We gathered and summarized information from the methodology section of a scientist who tried to measure something similar. 
After we read the methodology section of this scientist, we reenacted the methodology in small groups. 
 
We developed models to describe 1) how birds detect an approaching human and 2) what causes this particular response (heart 
rate increase, alarm sounds, flying away), and 3) why this happens at a certain distance. 
 
We analyzed the raw data from this study for one of these measurements (FID) and represented the variation, spread and central 
tendency of the values in both populations for flight initiation distances. And we used this as evidence to claim:  

● There are differences (variation) in the flight initiation distances of one city junco to another city junco, and the same for 
mountain juncos. 

● Females incubating their eggs let people get closer a little bit closer than birds foraging for food. 
● City juncos let people get much closer (4 meters on average) than mountain juncos (14 meters on average). 

 
We used the models we developed earlier in the lesson to brainstorm ways that two juncos might differ on the inside that would 
explain why they have different behavior on the outside and what might be causing such changes overtime. 
 
We analyzed additional data on relative flight distance and number of generations since colonization of urban areas and made 
claims that the trend in the data supports the claim that urban birds are becoming bolder over time. We argued that this trend 
would also apply to the juncos. 
 
But this led us to wonder, how did the juncos become more bold over time? Did they learn how to be less timid? Is it possible that 
this behavioral difference is instead inherited? What caused this change to happen over time? 
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Next steps: In our home-learning we explored the difference between a behavior and a reaction that can be learned over time 
and one that is involuntary and inherited through some at home investigations and began to wonder which model of population 
change over time could explain the difference in junco behavior—Darwin’s natural selection model or Lamarck's model. We 
started to brainstorm ways we could test whether a behavior is inherited or acquired for something like boldness in birds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

This Lesson...What we are doing now: Students design investigations (a thought experiment) of how one could determine if behaviors or traits are inherited or learned in birds. Students will read 
studies that provide examples of how scientists have conducted investigations to determine if behaviors or traits are inherited or learned. Students will use what they learn from the studies to 
revise a thought experiment about how one might test to determine whether the juncos’ behaviors are learned or inherited.  
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Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L19: How do 
scientists tell if 
a behavior trait 
is learned or 
inherited? 
 

1 period 
(50 min) 

 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS3-1  

 

A classroom-adapted 
journal article (form 
“Molecular 
Determinants of 
Scouting Behavior in 
Honeybees”) describes 
the methodology used 
in determining the 
cause of differences in 
novelty seeking 
behavior in bees. 
 
A classroom-adapted 
summary of an 
example of Inherited 
versus Learned 
Behavior in Baboons - 
from Social 
organization of 
hamadryas baboons. A 
field study. 
 
 
 

Obtain and 
Communicate 
Information: Evaluate 
the validity and reliability 
of methods that appear 
in scientific journals that 
attempt to test whether 
a  behavior  (effect)  is 
caused  by something 
learned or inherited  in 
other organisms (bees 
and humans) 
 
Plan an Investigation 
that would produce data 
that would serve as the 
basis for evidence to 
determine if the  cause 
of  differences in 
boldness  behavior 
(effect)  in juncos  is 
inherited or learned. 

Last class we figured out that there is a significant difference in the behaviors of city juncos and mountain juncos.  
 
We brainstormed ideas for experimental designs that would provide evidence to support or refute whether A) boldness behavior 
is something a junco inherits from its biological parents (due to the alleles it gets) and does not change in the course of its 
lifetime from interaction with its environment, or B) boldness behavior is something that is acquired by the junco (e.g. learned) in 
the course of its lifetime from experiences interacting with its environment. 
 
We decided to compare our ideas with scientists to see what they have done to investigate this question for other organisms, so 
that we can develop/strengthen our idea for how we could investigate this question for juncos.  
 
We read a couple of journal articles on the topic of behavior and realize that 

● Bold bee behavior was linked to the genetic makeup of individuals, not learned from prior experiences or other 
nestmates. 

● The behaviors of baboons in this experiment are seemingly learned  
● Different methods were used in the two studies that could be useful for testing heritability versus learned behavior in 

other organisms.  
 
We planned/revised an investigation to test whether the urban juncos are learning to be bold or not. A hypothetical experiment 
could be done where we took eggs from bold city juncos and switched them with eggs from the mountain juncos. In this case the 
city juncos would be raised by mountain juncos and vice versa. If boldness is learned, the offspring should exhibit the behavior of 
their “adoptive” parents; however, if boldness is inherited, the offspring should exhibit the boldness or lack thereof regardless of 
their upbringing.  
 
We think there is a way to determine if boldness in juncos is learned or inherited and now we are wondering if there is any data 
about the juncos and their boldness to see if they did an experiment like the one we planned and what the results indicate. We 
want to look into this next.  
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This Lesson….What we are doing now: Students will figure out what the researchers did to test whether the behavioral differences in the two populations of juncos were due to inheritance or 
learning in their respective environments by applying sound scientific processes to define the controls and constants in a common garden experiment. Students will analyze and interpret data 
from the study to determine that city juncos have inherited behavioral traits from their parents. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L20: Do juncos 
learn to be 
bolder or is this 
behavior 
something they 
inherited?  
 

1 period 
(50 min) 

 
 

 
 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 
HS-LS4-5 

 

Modified excerpts from 
a primary source 
provide information 
about mountain and 
city birds that were 
raised together from a 
young age and 
showed different levels 
of exploratory 
behaviors. 

 

 
 
 

Obtain, Evaluate, and 
Communicate 
Information. Evaluate 
the validity and reliability 
of methods that appear 
in text (and visually) 
from a  scientific journal 
which attempted to test 
whether an  exploratory 
behavior is learned or 
inherited  in juncos . 
Determine the central 
ideas or conclusions to 
summarize patterns in 
complex evidence 
presented in the text by 
paraphrasing them in 
simpler but still accurate 
terms. 
 

We evaluated the methodology that scientists used to determine whether observed behavioral differences in boldness in juncos 
are a product of genetic inheritance or learned within their different environments. From this we determine that: 

● Scientists designed a “common garden” experiment to test whether birds born in the city behaved differently from birds 
born in the mountains. 

● Birds from the two populations tested were raised in the same greenhouse from a young age. 
● Any differences among the birds could be assumed to be genetic since the environment is the same for all of the birds. 
● If birds from one population behave differently from the other birds, it would tell us that the behavior is inherited rather 

than learned. 
 
After analyzing the results from the scientists’ experiments, we noticed patterns in the data: 

● City birds have higher exploratory behavior than mountain birds when raised together in the same environment. 
● High exploratory behavior includes earlier initial movement, visiting more floor quadrants, trying more dishes for food, 

and making more total movements as compared to birds that demonstrate low exploratory behavior. 
 
We argued from evidence that 

● exploratory behavior in novel settings is another way to measure boldness; 
● males tended to explore more than females;  
● UCSD juncos explore more than mountain ones; 
● Differences in exploratory behavior can’t be learned because both groups of birds are in the same new environment 
● There must be a genetic difference in exploratory behavior because the differences we read about were based on 

gender and type (UCSD juncos vs. mountain juncos). 
 
This raised some questions; How can this really be? How can a variation in a certain kind of behavior really be something you 
are born with?  We know that you are born with your genes, and we know you get your genes from your mom and dad (who get 
theirs from their parents). So somehow the genes of these birds must be influencing their behavior, right? But how would that 
work?  
 
This leads us take stock of what we already know about genes and traits: 

● We’ve only heard about genes (alleles) influencing physical traits like hair/feather color, height, body shape, etc.  
● We also know that these alleles provide your cells with instructions regarding what substances to produce (or not 

produce) and how much of those substances to produce (e.g., pigments, growth hormones).  
●  We have no idea how a substance can actually influence behavior. 

 
This raised the question, How can producing vs. not producing a substance influence the behavior of an organism? 
We brainstormed different possibilities:  

● Perhaps there is some sort of difference related to what substances are produced inside the birds that would influence 
how skittish or bold they are when reacting to external stimuli 
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● We know that in humans, there is the production or release of substances like adrenaline change in our body when we 
are scared. And we know that some people are born with bodies that produce more or less of certain growth 
hormones. Maybe there is something like this we can measure that is different in the birds which could be related to 
their behavior. 

 
Next Steps: We want to know how these birds are making substances inside their bodies that are related to them 
exhibiting different behaviors.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 nextgenstorylines.org 
 These materials were developed with funding through a grant from the Gordon and Betty Moore Foundation to 

Northwestern University and the University of Colorado Boulder. 
 This work is licensed under a Creative Commons Attribution 

4.0 License   http://creativecommons.org/licenses/by/4.0/ 13 

 
 
 
 

http://creativecommons.org/licenses/by/4.0/


 
 
 
 

  
Bend 2 of the Storyline: 
Why Don’t Antibiotics Work Like They Used To? [v3.1] 

-Storyline for Bend 2 -- 
NGSS High School Evolution 

v3.1 -- 
 

 

This Lesson….What we are doing now: Students will investigate primary resources (text and graphs) from a research study to figure out that elevated corticosterone (CORT) levels in birds 
correspond to how easily birds get stressed, which in turn, is correlated to how exploratory those birds are (boldness). Students then develop a model that accounts for how differences in heritable 
alleles could lead to differences in CORT produced and response to stress, which is related to how the birds behave (bold vs. skittish). And they develop a model for why bolder behavior would 
grant juncos a competitive advantage for survival in the UCSD environment. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L21: Are there 
differences 
inside the birds 
that would 
explain why 
they behave 
differently? 
 

1 period 
(50 min) 

 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4  
HS-LS4-5 

 

Human took captured 
birds from their native 
environments, held 
them, then measured 
their CORT levels. 
These levels were 
higher for mountain 
birds when they are 
held in a stressful 
situation. 
  

 

 

Argue from evidence: 
Construct a written 
argument based on data 
and evidence from a 
primary source research 
article to explain how 
differences in the 
amount of CORT 
produced/released  in 
juncos could provide a 
mechanism  linking how 
differences in alleles  in 
juncos could result in 
differences in their 
behavior . 
 

Last class we figured out that exploratory behavior is a way to measure boldness, UCSD juncos had higher exploratory 
behavior, and that this trait is not learned so it must be inherited. 
 
We shared ideas about substances affecting behavior that we brainstormed in the home-learning and came up with examples 
like drugs, alcohol, and hormones. We argued that such substances can be detected in the blood or urine of individuals when 
they are in their body affecting them. 
 
We analyzed the abstract of a study to determine how scientists measured what was inside the birds that was affecting their 
behavior, and determined they captured and held a mountain bird in their hands and measured the amount of a particular 
substance referred to as CORT (corticosterone), which is a stress hormone. 
 
We analyzed various graphs from the results of the study and saw some patterns in the data: 

● When a mountain bird or a UCSD bird is stressed, its CORT levels go up in response to the stressor. 
● But mountain birds produced/released more corticosterone than UCSD birds.  
● The amount of CORT released into the blood is something that is connected to the alleles these juncos are born with. 
● Birds that produced more CORT also tended to display fewer exploratory behaviors, regardless of whether they are 

mountain or UCSD juncos.  
 
We argued that we could now answer How are boldness, CORT, and genetic information connected?  We remember from our 
earlier model for physical traits that differences in alleles provide cells information about differences in the substances to 
produce, which leads to differences the expression of physical traits. That seems to apply here, where different alleles produce 
substances that influence how much or how quickly corticosterone is produced or released, which is related to a bird (re)acting 
bolder or more skittish.  
 
But if boldness is something a junco is born with, and each individual junco isn’t changing their boldness in a lifetime, then how 
in the world did the UCSD population end up becoming bolder than the mountain population over the last 60 years?  
 
Next Steps: We decided we think we have all the data we need to not only explain why the juncos in one population are 
bolder than juncos in the other population, but also how they got that way, and we want to try to connect it to our 
natural selection model next time. We started brainstorming some of the ways that being bolder on the UCSD campus 
might give a junco a competitive advantage for surviving, to use in that model next time. 
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This Lesson….What we are doing now: Students will put together all of the pieces of their scientific explanations to explain how the UCSD juncos became more bold over the last 60 years.  
 
 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L22: How did the 
UCSD 
population 
become bolder 
than the 
mountain 
population over 
the last 60 
years?  
 

 
 

2 periods 
(50 min + 50 min) 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3  
HS-LS4-4 

 

All phenomena 
related to the juncos 
case 

Revise and Use Model  
based on evidence to 
illustrate the 
relationships between 
systems (bacteria and 
juncos) for how natural 
selection could have 
caused the UCSD junco 
population to become 
bolder than their 
mountain cousins over 
the last 60 years 
(effect).  
 
Construct an 
Explanation based on 
valid and reliable 
evidence obtained from 
a variety of sources and 
the assumption that 
theories and laws that 
describe the natural 
world operate today as 
they did in the past to 
explain how  natural 
selection  has  caused 
the UCSD junco 
population to become 
bolder  than their 
mountain cousins over 
the last 60 years 
(effect) .  

Last class we felt like we got all of the pieces and we are now ready to construct an explanation for how natural selection caused 
the UCSD juncos to become more bold over the last 60 years. 
 
We thought we could use natural selection to explain how the UCSD population of juncos became bolder than the mountain 
population of juncos. We took stock of what we figured out so far and how it compares to our natural selection model for bacteria. 

● In both cases there was a initial ancestor population that had trait variations in it.  
● In both cases the trait variations are heritable (due to substances being produced due to alleles). 
● In both cases there were differences in the environmental conditions in different places at different time periods.  
● In both cases, Individuals with some variations survived more often than others because a trait they had granted a 

competitive advantage (better chance) for survival over others in different environmental conditions. In one case it was due 
to protection from a chemical, and in another it was due to being able to exploit water and food resources. 

● In both cases, surviving individuals can reproduce, passing on the alleles for their trait variations; dead individuals can’t 
pass on their alleles for those trait variations. In the case of bacteria, all the alleles are passed on (the offspring are 
identical to the parents). In the case of the juncos, 50% of their alleles come from each parent. 

● This leads to traits (and the alleles responsible for those) that help individuals survive and reproduce (pass the related 
alleles on) so that they become more common in a population over time (from one generation to the next).  

 
We organized our data and data sources to support this explanation. 
 
We use this model and sources of data to explain “How did the UCSD population end up becoming bolder than the mountain 
population over the last 60 years?” Natural selection caused the UCSD population of juncos to become bolder than the mountain 
population over the last 60 years even though both populations came from the same ancestor population. The ancestors of the 
birds that stayed at UCSD had variation in their heritable traits. This includes some behaviors like boldness. This variation in 
behavior is due to variation in genetic information they inherited. Those with alleles for producing lower levels of CORT, which is a 
hormone released during stress, tend to explore more and frighten less easily when people approached. After the campus 
environment was developed in 1960, water and food became more abundant. This changed the environment so that there were 
now enough resources for juncos to survive and reproduce there year round. When this change to the environment happened, 
juncos who had bolder behavior had a competitive advantage for gathering food or water over those that were less bold. Bolder 
behavior allowed them to not startle easily and fly away from all the people and noises on campus. This gave them more time 
gathering the resources needed to survive there. This led to more of individuals with the bolder variations in their behavior 
surviving more often than those without. Those that survived could mate and pass on their alleles for CORT production levels to 
their offspring. Those that did not survive did not have babies, which led to more bold and less non-bold birds in the next 
generation. This process repeats each generation, shifting the distribution of traits in the population to result in birds that are 
bolder on average than their ancestors. These key mechanisms interacting together caused the UCSD population to become 
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bolder than the mountain population over the last 60 years through natural selection. 
  
In our home learning we argued that though our explanation can account for what happened to the population that stayed on the 
campus after it was developed in terms of boldness, we now have more unanswered questions: 

● This doesn’t really explain why some of the ancestors of UCSD birds decided to stay one season and not go back to the 
mountains. Why stay all of a sudden? Was it an involuntary response or voluntary? To what? 

● This doesn’t explain why juncos from one population don’t leave to become part of another population. 
● And this doesn’t explain why the UCSD birds have less white in their tail feather or shorter wings. 

 
Separating into two different of descendants seems like an important thing that led to the outcomes we now have (two different 
kinds of juncos). We had questions earlier about where different kinds of bacteria came from… If we can figure out where these 
different kinds of juncos came from (what triggered it), we might have the start of a general model that can explain what causes 
populations to separate and diverge in how they look and behave over time, even from a shared common ancestor. 
 
Next Steps:  We decided to focus on the colonization event that led to this line of juncos and figure out what triggered it.  
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This Lesson...What we are doing now: Students will identify a gap in our explanation for how the UCSD juncos came about- we still do not know exactly why some  juncos suddenly began to stay 
at UCSD year-round and breed multiple times a year, and stopped migrating back to the mountains. Students develop a plausible explanation for this by evaluating and integrating various sources, 
including aerial photos, a drone video, climate graphs, and scientific studies that investigate the effects of artificial light on birds. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L23: Why did 
some of the 
juncos stay in 
San Diego in 
the first place 
instead of 
migrating back 
to the 
mountains with 
the rest of the 
juncos? 
 
 
 
 
 
 

 
 
 

Building 
toward  

⬇ 
NGSS PEs: 
HS-LS4-2, 
HS-LS4-3,  

& HS-LS4-4 

 

Map of campus site 
before it was built and 
in 2005. 
 
Drone videos over 
campus: 
https://www.youtube.c
om/watch?v=P04CO7
-9dHY 
 
https://www.youtube.c
om/watch?v=vSBChn
mapwA 
 
UCSD climate graph. 
 
Data on artificial light 
effects on bird 
migration, gonad 
growth, mate calling, 
and blood plasma 
testosterone 

Obtaining, Evaluating, 
and Communicating 
Information  integrate 
sources of information 
presented in different 
media in order to 
address a scientific 
question about how the 
changing UCSD 
environment and the 
effects of artificial light 
on bird mating and 
migration behavior 
caused some juncos to 
stop migrating to the 
mountains and to mate 
in San Diego sometime 
in the past 60 years 
(effect). 
 
 

We used a timeline model of the case and our explanation of what made the 
juncos bolder on the UCSD campus to identify a question we have about why the 
birds stayed in the first place  that we hadn’t answered. 
 
We had some initial ideas about what causes/triggers/cues birds to start mating or 
migrating at certain times of the year. We argued that it is something in the 
environment (e.g. related to seasons), so something maybe changed in the 
environment that caused some juncos to stay and start breeding, once the campus 
was built. 
 
Based on our initial ideas, we decided to focus on three plausible factors that may 
contribute to an explanation for why the juncos suddenly stayed: 

● If birds stayed and nested before the campus was built, the birds and 
their offspring would not have survived in San Diego. Now they can 
survive. 

● Sometime after the campus was built, some birds did not migrate back to the mountains. They stayed in San Diego 
instead. 

● Sometime after the campus was built, birds that stayed in San Diego year round began to reproduce earlier and more 
often than the birds that migrated back to the mountains. 

 
To gather evidentiary support for why these factors may have occurred, we decided to focus on examining the changes to the 
UCSD environment and the factors that affect bird migration and mating.  
 
We analyzed some data (aerial photos and drone videos) that shows how campus changed from before and after it was built, 
and identified environmental changes in the amount of noise, available freshwater, buildings, trees, and nighttime light in the 
environment. 
 
We then looked for data to suggest why exactly the birds may not have been able to survive before the campus was built and 
what specifically might alter bird migration and mating behavior in the new UCSD environment. We found that there is limited 
freshwater in San Diego in the summer, that artificial light can alter bird migration patterns, and that artificial light is associated 
with higher testosterone levels, earlier mating calls, and enlarged testicals in birds earlier in the year.. 
We updated our explanation to include how building the campus provided these new important changes to the environment: 

● Artificial lighting triggered some juncos to stay, both through earlier mating and changed migration patterns, when in 
the past no such triggers would have been there. 

● Water resources installed during the development of San Diego and additional food sources from plants that grow on 
campus now, enabled juncos to survive in San Diego with their new broods over the summer and to produce multiple 
broods per year. 
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So, this is one example of something that triggered an ancestor population to separate into different environments and following 
two different paths of natural selection. In addition to changing due to natural selection, the bird populations ended up breeding 
at different times and frequencies. We wondered two things: What other behaviors in the UCSD juncos might have changed if 
they breed more often than the mountain juncos? Are these now two different types of juncos? 
 
Next Steps: We want to see what other traits may have changed in these juncos and discuss whether they are two 
different types now or not. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 nextgenstorylines.org 
 These materials were developed with funding through a grant from the Gordon and Betty Moore Foundation to 

Northwestern University and the University of Colorado Boulder. 
 This work is licensed under a Creative Commons Attribution 

4.0 License   http://creativecommons.org/licenses/by/4.0/ 18 

 
 
 
 

http://creativecommons.org/licenses/by/4.0/


 
 
 
 

  
Bend 2 of the Storyline: 
Why Don’t Antibiotics Work Like They Used To? [v3.1] 

-Storyline for Bend 2 -- 
NGSS High School Evolution 

v3.1 -- 
 

 

This Lesson...What we are doing now: You will help the class connect how changes in some trait variations (e.g. testosterone levels) could be related to their behavioral and physical trait 
variations. You will help students apply their natural selection model to explaining how the juncos population could have changed in many ways so quickly, in the short amount of time it has 
evolved in the UCSD environment.  

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L24: How else 
have these two 
populations 
changed since 
they split 
apart? 
 

 
 

1 period 
(50 min) 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-2 
HS-LS4-3  
HS-LS4-4 

 

Video clips provide a 
summary of other trait 
differences 
(testosterone levels, 
parenting, mating 
song) observed in the 
UCSD population of 
juncos compared to 
the mountain juncos. 
https://vimeo.com/598
71689  
9:59 to 11:20 
12:38 to 13:23  
14:20 to 15:17 
 
 

Argue from Evidence 
make a claim based on 
evidence about how 
natural selection  could 
have  caused  some of 
these other physical, 
behavioral, and 
physiological changes in 
the UCSD junco 
population  over the last 
60 years   (compared to 
their mountain cousins) 
(effect) .  
 

We shared our predictions from our home-learning with the class about some of the behaviors we predicted to see changing 
over time in the UCSD junco population, based on the fact that they are spending so much more of the year raising new broods 
of chicks from eggs. 
 
We gathered information from short videos about some of the other traits that have been 
observed as different in these UCSD juncos.  
 
We argued for how some of these traits might be connected (e.g. less testosterone → less 
aggression and maybe better parents). 
 
We developed an explanation for how natural selection has changed the UCSD population 
over the last 60 years, so that there now is a higher proportion of individuals with traits that give them a competitive advantage 
for producing more offspring in the UCSD environment then there were before? 
 
We argued from evidence for how juncos on the UCSD campus might have a competitive advantage for surviving in that 
environment with smaller wings, and why mountain juncos that migrate might have a competitive advantage for having larger 
wings. 
 
As we compared all the ways that these juncos differentiated after being separated from their cousins for only 60 years, we 
wondered if this sort of thing has happened before, “Is the only time in the past that a population of juncos (or any kind of bird) 
separated and differentiated so much due to natural selection?”  
 
Next steps: We had some ideas for how we might go about investigating whether this has happened. We agreed we 
needed additional data on where juncos are found and what traits they have, any relevant environmental data, and any 
historical records on juncos found elsewhere. 
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This Lesson...What we are doing now: Students will compare trait variations in juncos found across N. America. through photographs and video clips and they will compare the breeding ranges 
of where these different looking juncos are found. 
 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L25: What 
other juncos do 
we find in 
North America? 
 
1 period 
(50 min) 
 

 
 
 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-1 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4  
HS-LS4-5 

 

 
 
Diversification 1: The 
Dark Eyed-Junco 
Video (from 0:00 to 
8:09 - broken into 4 
separate clips) 
provides information 
on the distribution of 
different juncos 
populations in the U.S. 
and Canada, and how 
the environments they 
breed in compare.  

Analyze and interpret 
data (photos, field 
video, and maps)  to 
determine patterns in 
phenomena ( physical 
traits  and  breeding 
ranges  of juncos)  in 
order to predict the most 
likely locations we might 
find individuals from 
different populations 
interbreeding with one 
another. 

Last class we looked at some of the physical trait variations of the mountain and UCSD juncos and came up with an explanation 
for how some of those trait variations provide juncos with a competitive advantage for their environment. We wondered if this 
change in birds over time has happened before. 
 
When we analyze some photographs of other juncos found in different parts of North 
America, we notice patterns in how they look. We see 

● different color feathers (e.g. red, brown or gray/blue, white) found in different 
parts of their body (head, wings/tails, breasts); and 

● different colored beaks and different colored eyes (yellow eyes vs. dark eyes). 
 
We argue that the reason for all these different looking juncos in North America might 
be due to the environments they live in. We want to know more about the 
environments where these types of juncos are found. 
 
We gather information from a video clip about the distribution of different looking juncos, and notice some interesting patterns: 

● Different looking juncos have different breeding ranges. 
● The ranges of some juncos in the United States and Canada are adjacent to other junco ranges, while the range of juncos 

to the south (in Mexico) is not (and is more fragmented). 
● Some environmental characteristics (mountainous, wooded) are similar for all breeding ranges; while others are different 

(e.g. temperature change across seasons). 
● They are all considered the same species. 

 
We predicted how we could find evidence of them being the same species by identifying likely locations where we might find 
individuals from the six groups mating with one another. We found additional evidence from the last portion of the video clip, 
showing these juncos interbreeding with each other along boundaries where their breeding ranges meet. This then led us to 
wonder: How closely related are all these juncos, if they can still interbreed with each other?  
 
Next steps: We think genetic information can help us figure this out, since we developed a model in L17, which showed that 
since some DNA is inherited just from the mother, and that DNA accumulates mutations at a constant rate from one generation 
to the next, we can then compare mutations in that DNA to determine how closely related these groups of juncos are (how long 
ago these different lines of juncos descended from a common female ancestor). 
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This Lesson...What we are doing now: Students apply what they figure out from a karyotype-based model for patterns of inheritance between offspring and parents to  identify who the dad of a 
child is based on six alleles found on three chromosome pairs in the child’s DNA and in the mother’s DNA. They analyze DNA samples from the UCSD offspring and mountain birds to argue that the 
birds from UCSD are not interbreeding with dads from the mountains (or if they are, their offspring aren’t surviving). 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L26: Are the 
UCSD juncos 
now a separate 
species from 
the mountain 
juncos? 
 

1 period 
(50 min ) 

 
 

 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-1 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4  
HS-LS4-5 

 
 

Human Karyotype 

 
 
Blood tests from 
UCSD and mountain 
juncos show patterns 
in the alleles found in 
each population. 

 

Develop and use a 
model  based on 
evidence (a human 
karyotype)  to illustrate the 
relationships between 
structures chromosomes, 
genes, alleles, and loci, 
and their function; use the 
model to predict the 
percentage and number 
of chromosomes passed 
on from one human 
parent to their offspring. 
 
Gather and 
communicate 
information integrating 
qualitative and 
quantitative scientific 
information in written text 
along with visual displays 
to determine additional 
structures ( mtDNA, Y vs. 
X chromosomes ) and 
mechanisms  (mutations) 
that would  cause  a child 
to end up  inheriting 
genetic information  that is 
different  than the parents’ 
(50% + 50% ≠ 100%)? 
 

We argued that we needed some way to determine if males from the mountain population were interbreeding with female from 
the UCSD population in order to determine if these populations of birds were the same or different species. We suggested that 
a paternity or DNA test of the mom’s offspring could help us determine if they are interbreeding. 
 
We used a karyotype to argue that 50% of the chromosomes and alleles in an 
offspring should match the father’s and identified which individual out of 15 
individuals must be the father of a child based on six alleles found on three 
chromosome pairs in the child’s DNA and in the mother’s DNA. 
 
We argued that doing a similar comparison between the alleles found in the 
mountain population males and those found in the UCSD babies could help us 
see if any of them were related. 
 
We gathered information from the methods, data, and findings that a group of 
scientists collected by sampling the DNA of some of the birds in the UCSD 
population and some of the birds from the mountain populations, to try to 
determine if the populations are interbreeding. We argued from the evidence we 
collected that: 

● There are some alleles in the mountain gene pools that aren’t in the UCSD gene pool. 
● There are some alleles in the UCSD pool that are missing from the mountain gene pools. 
● This is evidence that they aren’t interbreeding (or if they are, the babies aren’t surviving). 

 
We debated whether we can claim that the UCSD and mountain juncos are separate species, since our data was only from a 
sample of the population. We also wondered whether our assumption for how DNA is inherited in sexually reproducing 
organisms might be oversimplified. 
 
Next steps: We gathered additional information about how DNA is inherited in relation to sex chromosomes, 
mitochondrial DNA, and mutations to try and investigate this question further. 
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This Lesson...What we are doing now: Student discoveries from their home-learning assignment will help them realize that factors such as rare mutations, mitochondrial DNA, and X vs. Y 
chromosomes make the amount of DNA inherited from each parent different than 50%. These three factors will be used to develop a “mutation clock” model for establishing which descendants 
are more closely related to a common ancestor. Students will analyze data on the mutations found  in mtDNA from juncos found across N. America to support arguments for which juncos are 
more closely related to one another than others are. They will gather information from two video clips (field observations  and conclusions) that scientists made about these juncos and compare 
them to their own conclusions about how closely related populations of juncos are. 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L27: How can 
DNA help us 
figure out how 
closely related 
two different 
juncos are? 
 

2 periods 
(50 min + 50 min) 

 
 

 
 

 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-1 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4  
HS-LS4-5 

 
 

A variety of phenomena 
(introduced in the L24 
home-learning 
assignment) are 
referenced for this lesson; 
this includes data related 
to mutation rates in 
humans, fruit flies, mice, 
and bacteria, and the 
relative number of genes 
in mitochondrial DNA, and 
relative amounts of genes 
on the Y vs. X 
chromosomes compared 
to the total number of 
genes in the human 
genome. 
 
The methodology and 
data sections from of a 
scientific paper show 
patterns in junco mtDNA 
and where it was sampled 
from. 
 

Develop and use a 
model based on 
evidence (constant 
mutation  rates in 
mt DNA )  to illustrate 
and/or predict the 
relationships ( relative 
amount of genetic 
information in common ) 
between components of 
a system ( individuals 
across  four  generations 
that  share a single 
female  ancestor in 
common ). 
 
Use Computational 
and Mathematical 
Thinking to support a 
claim that amount of 
mt DNA  (in non-coding 
regions) that is  different 
between any two 
individuals  due to 
mutations that were 
passed on from one 
generation to the next, 
would be directly 
proportional  to the 
number of generations it 
has been since they 
shared a common 
ancestor. 
 
Analyze data using 
graphical displays 

We shared our findings from our home-learning, to answer the question: Do offspring end up with 50% of their mom’s DNA 
and 50% of their dad’s DNA?  These included:  

● No. All organisms get mutations in their DNA from one generation to the next; the rate of mutations among mammals 
is relatively constant. This changes their DNA they get from their parents a very little bit. 

● No. A small amount of DNA that the mom passes on to all of her offspring is in the mitochondria of her egg cell to her 
offspring; dad does not pass on mitochondrial DNA. And if the offspring is a male, then the Y-chromosome which 
comes from dad, contributes a smaller amount of DNA than the X-chromosome. 

● All of these mechanisms contribute a relatively small amount of change in the DNA compared to our simplified model 
that assumed half of the DNA comes from mom and half comes from dad through sexual reproduction. 
 

We used these discoveries to build a model showing how mutation patterns in 
mitochondrial DNA would compare across different branches of a family tree, 
across three generations (from a set of great-grandparents down through all their 
great-grandchildren. The model included ideas which we developed through our 
home-learning assignment: 

● Random mutations appear in a very small portion of the DNA that children 
inherit from their parents (via. gametes). 

● Some of that DNA comes just from mom (e.g. mtDNA) or dad (e.g. 
Y-chromosome). 

● Whatever mutation a female inherits in their mtDDA is one she would pass 
on to all their offspring.  

● Additional mutations appear in each new generation at a constant rate (in 
non-coding regions). 
 

We used the mutation accumulations shown in the 3 generation family tree model to calculate 1) relative amounts of 
mutated DNA in common for different family members, and 2) predicted amounts of mutated DNA in common across 
generations. From our calculations, we noticed some patterns: 
● The amount of DNA (in non-coding regions) that is different (due to mutations) between siblings is less than between 

cousins, which is less than between second cousins. 
● The amount of mtDNA (in non-coding regions) different between two individuals would be directly proportional to the 

number of generations it has been since they shared a common ancestor. 
 

We argued that we could apply these patterns back to the original questions that led us here: “How can we use DNA to 
figure out which juncos are more closely related to one another? 
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Two video clips:   
6 minutes of 
Diversification 1: The 
Dark Eyed-Junco Video 
and 8 minutes of 
Diversification 2: The 
Dark Eyed-Junco Video 
provide additional 
information from field 
research on the juncos. 
 

(maps, charts, and 
tables) to identify 
patterns in temporal, 
spatial, and genetic 
relationships  ( how 
closely related different 
populations of juncos 
are   based  on relative 
similarity of mt DNA  from 
populations sampled at 
different locations). 
 
 
 

We analyzed haplotypes detected in mtDNA from various sites where juncos were sampled across North America, 
including some which are now considered separate species.  
 
We used the patterns we noticed in the data to make arguments for 
which populations of juncos are more closely related to one another 
vs. which ones shared a common ancestor longer ago than others. 
 
We argued from evidence that they all descended from a common 
ancestor, some more recently than others. And we evaluated the 
analysis of the data and conclusions that scientists made in the field 
(from two short video clips) and saw they were much the same. 
 
In our home-learning, we explained how natural selection be responsible for the diversification and speciation of these 
populations. 
 
But this also raised some new questions. We wondered that if natural selection has been operating on these juncos since 
the glacier receded, how can there still be so much trait variations left in the descendant populations, since natural 
selection tends to remove traits that have a competitive disadvantage in an environment?” 
 
Next steps: We want to see if we figure out the answer to his question in our next investigation.. 
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This Lesson...What we are doing now:  Students will investigate the role of mutation in the evolution of bacteria through three information sources (a video clip, a New York Times article, and an 
article from Nature). They will use this information to summarize how mutations can lead to new trait variations appearing in the descendants of any organisms that were not their ancestors. 
 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L28: Where do 
new heritable trait 
variations come 
from? 
  

1.5 periods 
(50 min + 30 min) 

 
 

 
 

Building toward  

⬇ 
NGSS PEs : 
HS-LS4-1 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4 
HS-LS4-5 

 

A video from 
Harvard Medical 
School shows 
patterns in lines of 
descent of bacteria 
grown across 
different 
environments of 
agar and antibiotic 
for 2 weeks.  

 
A New York Times 
article provides 
information about 
mutations and new 
trait variations in the 
long term E.coli 
evolution project.  
 
A Nature article 
provides additional 
information about 
the long term E.coli 
evolution project, as 
well as information 
about small 
mutations that 
yielded major 
changes in traits in 
stickleback fish. 

Obtain, Evaluate, and 
Communicate 
Information integrating 
sources of information 
presented in different 
media and formats to 
determine how 
mutations  (cause)  can 
affect  the  evolution  of E. 
Coli  bacteria . 
 

We shared ideas about how mutation might not only change DNA (like we figured out in a previous lesson), but maybe it is also 
sometimes responsible for new trait variations. We decided to investigate mutations further. 
 
We compared the setup of an experiment with E. coli  bacteria growth on a huge agar plate with different environmental 
conditions (different concentrations of antibiotics) to our own experiments and saw many similarities. When we analyzed 
time-lapsed growth over two weeks, we saw some similarities to what we saw in juncos: 

● There are different branches or lines of descendants from a common ancestor, some more recent than others; 
different lines of descendants move into different environments. 

● Natural selection seems to be at work here too, but mutation seems to be a bigger part of this explanation. 
 
But the video also raised the claim that mutations allowed some lines of descendants to move into higher an higher 
concentration of antibiotic. We wondered, what do they mean by mutations? How are mutations are leading some lines of 
descendants to be able to survive and reproduce into the parts of the plate with more and more antibiotic?  
 
We compared the setup of a long term experiment into mutations with E. coli  bacteria across 50,000 generations to our own 
experiments and saw many similarities. We gathered information from an article summarizing the discoveries of the research 
group conducting this experiments and found that  mutations in bacteria led to some lines of descendants that: 

● grow faster than their ancestors and use glycerol as food when their ancestors could not; 
● produce cellulose (to be able to float) -- in order to get oxygen from above and food from below; and 
● reproduce faster in the colder and warmer environments than their ancestors could. 

 
This led us to wonder, can mutations also lead to new trait variations appearing in the descendants of other organisms that were 
not their ancestors? 
 
We gathered and shared information from a second article and discovered how small random mutations can result in big 
changes to the traits in bacteria and fish. 
 
We used each others summaries of these articles to summarize how mutations can lead to new trait variations appearing in the 
descendants of any organisms that were not in their ancestors. We revised our mechanisms of evolution in our IMT to also 
include this new outcome. 
Next Steps: We wondered what sort of new trait variations we would see in the descendants of other organisms  that 
were not in their ancestor? We realized for most organisms it would take a really long time to see thousands or millions 
of generations. We had some ideas about the type of evidence we could use to look back at what the environment and 
organisms that lived in it were like in the past. We suggested fossil records. And we had some ideas about how we 
could reconstruct a family tree for the organisms alive today - DNA evidence. 
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This Lesson….What we are doing now: This is the last lesson of this storyline. Students will update their model of evolution to include extinction and argue why their model for evolution would 
apply to all populations of living things on Earth. You will help students raise questions about human evolution by noticing and wondering about maps and related background information showing 
where Neanderthals remains have been found and ancient human migration patterns. You will help students close up the driving question board, identifying the questions they posted throughout 
the unit that they think we can now answer and why. Students will complete a summative assessment around four transfer tasks to explain population changes in different species of birds and in 
humans (and/or lizards). 

Lesson 
 Question 

Phenomena  Lesson Performance 
Expectation(s) 

What We Figure Out (CCCs & DCIs), New Question s  and Next Steps 
  

L29: How can our 
mechanisms of 
evolution explain 
how all life on 
Earth has changed 
over time? 
  

2.5 periods 
(50 min + 50 min + 

25 min) 
 

 
 

 
 
 
 

Building 
toward  

⬇ 
NGSS PEs : 
HS-LS4-1 
HS-LS4-2 
HS-LS4-3 
HS-LS4-4  
HS-LS4-5 

 

 

Maps showing 
what is known 
about 
Neanderthals 
populations and 
human migration 
patterns (based on 
mtDNA, bones, and 
tools). 
 

 
 

 
 
A Scientific 
American Article 
describes how 
human migration 
patterns were 
discovered through 
analysis of mtDNA 
and y-chromosome 
mutations and why 
the concept of race 
isn’t scientifically 
meaningful. 

Ask questions 
that arise from examining 
(models or a theory) about 
how the  mechanisms of 
evolution  our class has 
developed can explain how 
all life on Earth has 
changed over time and the 
patterns  in the distribution 
and migration of two groups 
of the Homo genus. 

We updated our Mechanisms of Evolution tracker with our discoveries from our home-learning about extinction:  
● Species go extinct when traits that are well adapted to a changed environment do not exist in the population. 
● Rapid and extreme changes to environments most likely lead to higher extinction rates. 
● When species go extinct, this opens up opportunities in ecosystems for new species to take advantage of available 

resources needed for survival and reproduction previously consumed by the old species before they went extinct. 
 
We reflected on the model of evolution we developed so far and argued why this model was generalizable for explaining 
changes observed in populations of all living things on Earth.  
 
We investigated how such a model could explain human evolution, by gathering information from a summary of what is 
known about Neanderthals and human migration patterns (based on mtDNA) and a map of sites where bones and tools of 
both of these populations have been found from long ago. We noticed that: 

● There appears to be different sub-species of human-like creatures that lived long ago. 
● Some groups of them have since gone extinct; one group of them interbred infrequently with our ancestors. 
● One group of them, “Homo-sapiens” lived in southern and eastern Africa long ago. 
● That group and their descendants migrated out of Africa and into other continents over time.  
● This shows how different groups of people from different parts of the world are related to one another. 

 
This raised new questions like: 

● Why did Neanderthals go extinct and how did humans interact with them when they were alive? 
● Do I have Neanderthal DNA in me? 
● What did our ancestors look like and how did the behave 200,000 years ago? 
● Where did their ancestors come from? 

 
In our Home-Learning, we gathered information from a Scientific American article that answers some of these questions, to 
help raise new questions we now have. 
 
We took stock of the all the questions from the driving question board we felt we have answered as a class. And we 
reflected on our learning trajectory over the course of unit, celebrating what we accomplished working together and 
reflecting on what was hard, what was rewarding, and what goals our learning community has for the next storyline we 
embark on. 
 
The last day of the unit we completed a Post Assessment* that included four transfer tasks, built using information from 
these data sources: 

● Trends in a Galapagos finch population during the 1970s, consolidated from this website:  
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● Trend is the wing size of cliff swallows over time nesting near highways over time:  
● Variation in (sub)species of birds found in southern pacific. 
● Variation in lung capacity between native human populations living at high altitudes vs native human populations 

living at lower altitudes. 
 

This marks the end of this storyline. 
 
(*note: These transfer tasks are not yet embedded into the current version of the storyline. The research group that is 
developing this storyline is currently gathering data from these transfer tasks to validate and refine them. We plan to release 
them in future releases of this storyline. ).  
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