
Evolution Adventure!
Study Sheets for the Natural Mysteries exhibit

These four-page study sheets are designed to help engage 
learners in the evolution stories of one or two organisms 
while exploring the Natural Mysteries exhibit at the Museum 
of Science, Boston. 

Each Evolution Adventure cover page presents a picture of 
something to find within the exhibit. The next pages include 
an activity, background content on the connection between 
the activity and the study of evolution, and common mis-
conceptions. The final page provides additional activities for 
home or school, standard connections, and references. 
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Birds show 
us that 
behavior 
patterns 
evolve

Museum of Science, Boston

Icterus galbulae (Baltimore Oriole) 

Turdus migratorius (American Robin) 

Hylocichla musfelina (Wood Thrush)



Explore the connections

Scientists can study fossil remains, anatomy, and DNA to find out how 
animals evolved. Likenesses in body shape and genetics indicate that robins  
and thrushes share a common ancestor. However, DNA studies and comparative 
anatomy do not inform us about differences in animal behavior, which is some-
times the only trait that separates closely related species. Nest building is one 
such behavior that scientists can demonstrate has evolved over time in various 
ways among different species.2 

Since American Robins and Wood Thrushes live in the same general area as  
Baltimore Orioles, the same materials used for building nests are available to  
all the birds. But, thrushes and orioles are choosey. These birds decide on par-
ticular materials and arrange them in a particular pattern. Because these birds are 
not taught to build nests by their parents, we can deduce that their nest-building 
technique is actually a sequence of evolved behaviors influenced by their genes.3 

Birds held in captivity supply us with another piece of evidence indicating that 
birds are born with the predisposition to build nests in certain ways. A robin 
raised by human hand—without exposure to other robins—will build a typical  
robin nest.

Bird researchers speculate on the adaptive value of various nest shapes. They  
ask themselves: why do birds build nests in such different ways? did their  
nest-building techniques help them beat out competitors? They also wonder  
what types of selection pressures could have caused other evolved bird  
behaviors, like migration and vocal patterns. 

Concepts and misconceptions

CoNCEpt 

•  While some human behaviors are learned, others are inherited genetically. There 
are some behaviors that have aspects of both learned and genetic control. 

MiSCoNCEptioNS

Many people mistakenly think that: 

•  Human behavior is inherited in different ways than the behavior of other  
animals. Many people may not recognize that some human behaviors are  
under genetic control. They also may not realize that other animals have the  
ability to learn behavior patterns just as people do.

•  Animals are aware of the significance of their behaviors. This is called  
anthropomorphism. An animal’s insight may exist, but should not be assumed.



Exhibit scavenger hunt

Go to the Natural Mysteries exhibit, located in the Blue Wing, 
Lower Level, and find an American Robin, a Wood thrush, a 
Baltimore oriole, and the nests that they make.

1.  Draw a circle around the two nests that are similar. 

2.  Exit Natural Mysteries and turn left to enter A Bird’s World. Find the  
Baltimore Oriole and the Wood Thrush in the broadleaf forest cabinet.  
Find the American Robin in the cities and suburbs cabinet. 

3.  Use the touch screens to investigate the calls, habitats, and diets of each bird.  

Wood Thrush Nest Oriole Nest Robin Nest



Explore our connectedness to other species, past and present, in the new  
permanent Human Evolution exhibit. Now open in the Human Body Connection.
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Additional activities for  
home or school

1. a.  Consider the various factors influencing appetite. First, perform a test taste. 
Use PTC taste paper (available from Connecticut Valley Biological Supply) 
to test your student’s ability to taste PTC. PTC paper is made out of a  
nontoxic chemical—phenylthiocarbamide—used in genetic research. This  
exercise shows that some people are genetically predisposed to notice 
some tastes, while others do not notice them. 

    b.  Next, take a survey to consider what your students’ favorite foods are and 
why. After the survey is taken, note that their own surroundings tend to  
dictate their food selections. For instance, some people can grow up  
eating and enjoying insects or raw fish as delicacies—both of which may  
be distasteful to others. This exercise illustrates the notion that both genetic 
and environmental factors can influence a behavior, such as appetite.

2.  Compare your facial expressions to those of chimpanzees.4 In front of  
a mirror, make these same faces yourself. Since we share a very recent  
common ancestor with chimpanzees, note that our facial expressions are  
similar to theirs, although they might be used for different purposes. This  
indicates that our ancestor most likely shared this wide-range set with us  
because some behaviors, like facial expressions, are based in genetics.

References:
1 Sibley, D.A. The Sibley Guide to Birds. New York: Alfred A. Knopf, 2000.
2 Winkler, D.W., et al. “Evolution of Nest Construction in Swallows (Hirundinidae): A Molecular  
Phylogenetic Perspective.” Proceedings of the National Academy of Sciences. 90 (1993): 5705-5707.

3 Brown University. 2002. Evolution of Behavior. Providence.  
Available online: http://biomed.brown.edu/Courses/BIO48/16.Evol.Behavior.HTML.

4 Parr, Lisa. 2002. Living Links. Emory University.  
Available online: http://www.emory.edu/LIVING_LINKS/parr.html.

This activity relates to the 
following Massachusetts 
Learning Standards: 

Pre K – 2

• Heredity
•  Living things and  

their environment 

3 – 5

• Adaptations of living things
•  Characteristics of plants 
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6 – 8
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Understanding 
adaptive  
radiation  
with geese

Museum of Science, Boston

Branta canadensis  
(Canada Goose)



Explore the connections

Five hundred thousand years ago, migrating geese, very similar to the 
Canada geese we know today, landed on the recently formed islands  
of Hawaii.1 The geese had virtually no predators on these islands and were free  
to wander and reproduce in many different niches of their new habitat. Several  
new species of geese, including the Nene, evolved. This branching spread of 
new species is called adaptive radiation. They adapted differently than their  
parent population on the mainland of North America, where relatives of the  
ancestral Canada geese changed very little in behavior or appearance.

The adaptive radiation illustrated by the Nene shows us that geographic  
separation of animal species into two or more groups can lead to substantial  
evolutionary changes among different subpopulations. The new environment  
introduces new selection pressures that favor different traits. As a consequence, 
geese with these different traits survive more often and leave more offspring in  
the next generation.

Adaptive radiation generally occurs when there is a rapid change in the  
environment that causes differential selection for certain genetic traits within  
a population of organisms. Geographic isolation is a process whereby rivers, 
mountains, oceans, and other geographic features split apart groups of  
organisms, supplying the background for adaptive radiation to take place.

Concepts and misconceptions

ConCEpt 

•  The rate of evolutionary changes in living things can vary dramatically depend-
ing on the organism’s lifespan, environmental pressures, or the introduction  
of a new trait. Evolution can proceed very quickly if there is rapid reproduction 
and strong environmental pressures.

MisConCEptions

Many people mistakenly think that: 

•  Evolutionary changes always take place over millions of years. In fact, in  
organisms that reproduce rapidly (like bacteria and insects) change can be 
seen in a very short period of time.

•  Appearance strictly determines relatedness. This is not true. Looks can often 
be deceiving. They should not be used to indicate an evolutionary relationship. 
Scientists use various methods of comparison to determine relatedness.



Exhibit scavenger hunt

Go to the Natural Mysteries exhibit, located in the Blue  
Wing, Lower Level, and find two Canada Geese flying high  
in the room.

When you look at the Canada Geese, take note of the size of their wings 
and the shape of their feet. Now look at this drawing of the endangered  
Hawaiian goose called the Nene. It is much smaller than the Canada Goose,  
with different coloration, longer toenails, and less webbing on its feet. 

Recent DNA studies show how several geese are related (illustrated in the  
chart below).1 Draw a circle around the species of goose that is most closely  
connected on the chart to the Nene. This is the species that is most closely  
related to the Nene. Notice that although Nenes and Canada Geese look  
different, genetics shows us that they are actually closely related. 

Branta bernicla — Brant

Branta sandvicensis — Nene

Branta canadensis — Greater Goose

Branta canadensis parvipes — Lesser Goose

Goose Family tree

Pick an animal and trace the line from right to left. The point where your animal 
intersects the line of another animal is where the two share a common ancestor.

Nene



Explore our connectedness to other species, past and present, in the new  
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Additional activities for  
home or school

1.  Because species on islands are geographically isolated, they are interesting 
places to study evolution. Research the kinds of animal life on Madagascar 
and Australia, islands that have separated from other land forms; and on  
Hawaii and the Galapagos, islands created by volcanism. Please refer to  
footnotes 2 and 4.

2.  Find three different kinds of shrew in the family tree and see how they are  
related. Draw lines to the closest relatives of the elephant shrew, the short-
tailed shrew, and the tree shrew.3

References:
1 Paxinos, E.E., et al. “mtDNA from Fossils Reveals a Radiation of Hawaiian Geese Recently Derived from  
the Canada Goose (Branta canadensis).” Proceedings of the National Academy of Sciences, 99 (2002): 
1399-1404. 

2 National Science Teachers Association. 2002. Ecology and Evolution: Islands of Change. Available online: 
http://pubs.nsta.org/galapagos/resources/page1.html.

3 Murphy, et al. 2001. “Resolution of the Early Placental Mammal Radiation Using Bayesian Phylogenetics.”  
Science. 14 December 2001; 294: 2348-2351.

4 Migration of Birds: The Evolution of Migration. Available online: http://www.npwrc.usgs.gov/resource/ 
othrdata/migratio/evolut.htm.

This activity relates to the 
following Massachusetts 
Learning Standards: 

Pre K – 2 

• Heredity
•  Living things and  

their environment

3 – 5 

•  Characteristics of plants 
and animals

•  Adaptations of living things

6 – 8

•  Classification of organisms
•  Reproduction and heredity
•  Changes in ecosystems 

over time
•  Living things and  

their environment

9 – 12

•  Evolution and biodiversity
•  Ecology
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Hippos and 
whales help  
us understand  
how morph- 
ology can be  
misleading

Museum of Science, Boston

Globicephala melaena 
(Pilot Whale) 

Hippopotamus amphibius  
(Hippopotamus)  



Explore the connections

For many years, scientists thought that the nearest relative to the hippo 
was the pig simply because they are anatomically similar. For instance, 
pigs and hippos both have four toes, small molars, large tusk-like canines, and 
simple digestive systems. However, several scientific studies have compared the 
quickly changing sections of DNA, typically called “junk DNA,” and found that the 
closest living relative to the hippo is actually the whale!2 When scientists group 
the animals according to genetics, whales join hippos among the artiodactyls. 
This order of animals now includes whales and dolphins as well as other even-
toed ungulates—hoofed animals—such as camels, cows, giraffes, pigs, and  
hippos. It does not include odd-toed animals, such as horses or rhinoceroses.

This close relationship between hippos and whales is supported by fossil  
evidence. In 2001, 50-million-year-old fossilized skeletons of whale-like  
ancestors were discovered in Pakistan.3,4,5 These ancient whales walked  
on land. How did scientists know this? The anklebones from the fossilized  
whales were identical in form to the anklebone in a modern hippo. Both fossil  
and DNA evidence point to the conclusion that hippopotamuses and whales 
evolved from the same ancestor. In general, information becomes reliable when 
different kinds of evidence—in this case, fossil and DNA evidence—point to  
the same conclusion.

Concepts and misconceptions

ConCEpt 

•  Appearances can sometimes be deceiving. New techniques of classification— 
including DNA and fossil analysis—often suggest relationships among  
organisms not seen by anatomical comparisons.

MisConCEption

Many people mistakenly think that: 

•  Living on land versus living in water is a significant distinction indicating  
distantly related species. In fact, living things have adapted to both land  
and water repeatedly over time. So, if one species walks on land and another 
swims in the ocean, they may still be closely related. Iterative evolution occurs 
when a trait (like whale anklebones) appears repeatedly in closely related—but 
separate—species.



Exhibit scavenger hunt

Go to the Natural Mysteries exhibit, located in the Blue  
Wing, Lower Level, and find skulls of a hippopotamus  
and a pilot whale. 

Compare and contrast the two skulls. Where are the eye sockets and  
nostrils located? Do both skulls have teeth? Can you see other similarities  
and differences? 

Hippos and whales look very different, as you can see by their skulls, but  
DNA evidence shows that the animals are closely related!1 Pictured below are 
four animals: a hippopotamus, whale, rhinoceros, and shark. If you only looked  
at the outline of the animal on the page you might think that a whale is related  
to a shark since they have similar shapes and both swim in the water. You  
might think that a hippo is closely related to a rhino since they are both large,  
four-footed, grazing animals from Africa. In fact, their appearances would steer  
you in the wrong direction. 

1.  Draw a circle around the three mammals—warm-blooded animals with hair 
that nurse their young. (Answer appears below.)

2.  Now draw a smaller circle, within the big circle, around the hippo and the 
whale. They are the most closely related of the animals shown.

Pilot Whale

Hippopotamus

Hippopotamus

Answer: the three mammals are the hippopotamus, whale, and rhinoceros.

Rhinoceros

Whale

Shark
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Additional activities for  
home or school

1.  How do DNA studies show similarities? Compare the fragments of  
DNA below to see which animals are most closely related to the  
human: cotton-top tamarins or chimpanzees?6 

2.  Visit the Los Angeles Natural History Museum cats exhibit online at  
http://www.lam.mus.ca.us/cats.7 Click on “Biology” and then “Climbing  
the Family Tree.” Look at the evolutionary tree representing the cat family.  
Draw circles around the animals with giant teeth like the saber-tooth cat.  
Giant teeth appeared and disappeared again and again. This is called  
iterative evolution.

References:
1 Ursing, BM, et al. “Analysis of Mitrochondrial Genomes Strongly Support a Hippopotamus–Whale Clade.” 
Proceedings of the Royal Society of London 265, (1998): 2251-2255. 

2  Nikaido, M, et al. “Phylogenetic Relationships Among Cetartiodactyls Based on Insertions of Short and  
Long Interpersed Elements: Hippopotamuses are the Closest Extant Relatives of Whales.” Proceedings  
of the National Academy of Sciences 96 (1999):10261-10266.

3  Gingerich, PD, et al. “Origin of Whales from Early Artiodactlys: Hands and Feet of Eocene Protocetidae from 
Pakistan.” Science 293 (2001): 2239-2242.

4  Thewissen, JGM, et al. “Skeletons of Terrestrial Cetaceans and the Relationship of Whales to Artiodactyls.” 
Nature 413, (2001): 277-281.

5 Thewissen, JGM. 2001. Whale Origins. Kent State University.  
Available online: http://darla.neoucom.edu/Depts/Anat/Thewissen/.

6 Traboni, C. and Levy, S. 1998-1999. mRNA for CD81 protein (cd81 Gene).  
NCBI Sequence Viewer. Available online: www.ncbi.nlm.nih.gov.

7 Los Angeles Natural History Museum. 2002. Cats! From Wild to Mild. Available online:  
http://www.lam.mus.ca.us/cats/. Click on “Biology,” then “Climbing the Family Tree.”

This activity relates to the 
following Massachusetts 
Learning Standards: 

Pre K – 2

• Evolution and biodiversity

3 – 5

• Adaptations of living things

6 – 8

• Reproduction and heredity
• Evolution and biodiversity

9 – 12

• Genetics
• Ecology 
• Evolution and biodiversity

HuMAN  gtca–tgat–gttc–gttg–gctt–cctg–ggct–gcta–cggg–gcca

CHIMP  gtca–tgat–gttc–gtcg–gctt–cctg–ggct–gcta–cggg–gcca

TAMArIN gtga–tgat–gttc–gttg–gctt–cctg–ggct–gcta–tggg–gcca

notE to tEACHERs



Defining a 
species with 
leopards and 
jaguars

Museum of Science, Boston

Panthera onca (Jaguar)

Panthera pardus (Leopard)



Explore the connections

At first glance, you might think that leopards and jaguars are members 
of the same species because they look very similar. However, the animals 
are different species because they live in separate areas, do not breed with each 
other, and have distinct behavior patterns. For instance, jaguars can swim while 
leopards cannot, and leopards are active during the day (diurnal) while jaguars 
are active at night (nocturnal).

About 2 million years ago, the jaguar and the leopard shared a common  
ancestor living in Eurasia.3 The population of animals that became what we  
know as jaguars traveled west into Europe and east into Asia, crossing the 
Bering land bridge into North America. Leopard populations took another route 
south through the Middle East to Africa and southeast into southern parts of Asia. 
Today, most leopards are found in sub-Saharan Africa and some parts  
of Asia, such as Sri Lanka.4 

The cat family (Felidae) has a long and fascinating history. One possible family 
tree is printed on the next page. As we have seen with jaguars and leopards,  
appearances among different species are often very similar. But, the behavior  
and the genes of the separate leopard and jaguar species remain distinct.

Concepts and misconceptions

ConCEpt 

•  At first, the definition of the word “species” seems simple. Living things that  
look similar, act similar, and breed together successfully are often grouped as 
a species. But, when a group that is called a species is geographically divided 
and no longer breeds together, are the members of those two groups still the 
same species? And, when two different species (like black and red oak trees) 
naturally hybridize, what species are their offspring? It is important to under-
stand and accept the complications of a static definition of the word “species”.

MisConCEption

Many people mistakenly think that: 

•  There is stability in life that makes scientific definitions easily fixed and distinct.  
This is not true. Observations of complex organisms often do not fit neatly into 
dictionary definitions. 



Exhibit scavenger hunt

Go to the Natural Mysteries exhibit, located in the Blue Wing, 
Lower Level, and look up high to find a jaguar  
and a leopard. 

1.  Using the following description to guide you, sketch in a pattern you would see 
on a section of the pelt of each animal. “The jaguar is similar in size and coat 
pattern to the leopard, a species found only in the Old World. However,  
it has a more stocky build and its coat pattern differs from that of the leopard in 
having one or two small spots within a rosette of larger spots.”1

2.  Find the leopard (Panthera pardus) and trace its line back to where it joins with 
the jaguar. According to this tree, leopards and jaguars share a very distant 
common ancestor. You will also notice that jaguars are more closely related to 
tigers than they are to lions. The common ancestor of all these  
species was not a lion, tiger, jaguar, nor a leopard, but it did belong to  
the Panthera genus.

Panthera onca — Jaguar 

Panthera leo — Lion 

Panthera uncia — Snow Leopard 

Panthera tigris — Tiger 

Panthera pardus — Leopard 

panthera Family tree2
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Additional activities for  
home or school

1.  Make an attempt to identify local oak trees.5 They are known for hybridizing 
with other species. This leads to difficulties in determining a true species. It  
is important to understand that the concept and definition of “species” can  
be complicated, as in the case of oak trees. 

2.  Read the book, The Beak of the Finch, by Jonathan Weiner to understand 
how speciation could be investigated today. 

3.  List and discuss the following differences among humans that are not  
visible: blood type, handedness, and appetite for certain foods. Note that 
some variation in traits, as in the case among humans, does not indicate  
a separation of species.

References:
1 The Natural History Museum of Los Angeles. 2002. Cats! Wild to Mild. Los Angeles.  
Available online: http://www.lam.mus.ca.us/cats/encyclo/onca/.

2  Mattern, MY, et al. Phylogeny and Speciation of Felids. Cladistics 16 (2000): 232-253.
3 Bininda-Emonds, O.R.P., et al. “Building Large Trees by Combining Phylogenetic Information:  
A Complete Phylogeny of the Extant Carnivora (Mammalia).” Biological Review. 74 (1999): 143-175.

4 The Natural History Museum of Lost Angeles. 2002. Cats! Wild to Mild. Los Angeles.  
Available online: http://www.lam.mus.ca.us/cats/encyclo/pardus/.

5 Little, Elbert Luther. National Audobon Society Field Guide to North American Trees: Eastern Region.  
New York: Alfred A. Knopf, 1980.

This activity relates to the 
following Massachusetts 
Learning Standards: 

Pre K – 2

• Heredity 
•  Living things and  

their environment

3 – 5

•  Adaptations of living things

6 – 8

•  Reproduction and heredity
•  Living things and  

their environment 
•  Evolution and biodiversity

9 – 12

•  Ecology 
•  Evolution 
•  Biodiversity
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Envisioning 
extinct 
animals  
with rhinos

Museum of Science, Boston

Ceratotherium simum  
(White Rhinoceros)

Diceros bicornis 
(Black Rhinoceros)



Explore the connections

Black and white rhinoceroses look similar but they are not members of 
the same species.1 They have different living environments, behavior patterns, 
and food habits. Both black and white rhinos are herbivores—plant-eaters—but 
the black rhino is a browser, eating leaves and woody plants, while the white 
rhino is a grazer, eating grasses. 

Research on living animals has shown that browsers typically have more pointed 
teeth, longer tongues, and larger livers, stomachs, and mouths than grazers.2 

Due to observations like these, we can figure out the eating habits of extinct  
animals. Fossilized teeth of a mastodon and a mammoth are in the fossil  
display. Although these animals are extinct, you might be able to tell that one  
is a grazer and one is a browser by comparing their teeth to modern grazers and 
browsers.3 Although no one has ever seen a living mastodon or a mammoth, we 
can envision how they may have behaved by comparing them to similar animals 
alive today. 

How was grazing developed and passed down to future generations? The  
evolution of this type of eating behavior is closely tied to what the environ- 
ment was like 35 million years ago. During this period of cooling called the  
Oligocene,4 grasses evolved and became a food source for many different  
lineages of mammals. The animals with enzymes that could digest grass  
survived and reproduced. They are the ancestors of some of today’s grazers. 
Other herbivorous animals had to compete for other food like leaves or woody 
plants. These are the ancestors of some of today’s browsers. 

Concepts and misconceptions

ConCEpt 

The evolution of life has occurred alongside the evolution of the world’s  
geography and climate. Understanding one demands an understanding  
of the other.

MisConCEptions

Many people mistakenly think that: 

•  Evolution takes millions of years. In fact, some species (like bacteria) may 
evolve different characteristics over just a few days, while some traits in  
humans have evolved over the last ten thousand years. 

•  Physical or mental achievements during a lifetime can be passed on to  
offspring. Mutations or changes passed on to the next generation can only  
occur through the sperm or egg.



Exhibit scavenger hunt

Go to the Natural Mysteries exhibit, located in the Blue Wing, 
Lower Level, and find two rhinoceroses mounted  
on the wall.

1. Draw arrows pointing to differences between the two rhinos.

2.  Based on the mountings, which species has a wider snout? 

3. Which one has a bigger mouth opening? 

By looking just at these heads, there is no way for you to tell which animal has a 
longer tongue, a larger liver, a smaller stomach, or a particular digestive enzyme. 
Diet cannot be predicted by morphology alone.

Ceratotherium simum (White Rhinoceros)

Diceros bicornis (Black Rhinoceros)
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Additional activities for  
home or school

1. Draw a time line for the last billion years.5 Add the following information:

    a. Eras: Proterozoic, Paleozoic, Mesozoic, and Cenozoic

    b.  Periods: Cambrian, Ordovician, Silurian, Devonian, Carboniferous, Permian, 
Triassic, Jurassic, Cretaceous, Paleogene, Neogene, and Quaternary

    c. Plate tectonic images

    d. Ice ages

    e. The first appearance of various life forms

2.  Does the information from activity #1 help illustrate how changes in the Earth 
influence changes in life forms?

References:
1 O’Ryan, C. “Mitochondrial DNA Comparisons in Black and White Rhinoceros.”  
Journal of Mammalogy 74 (1993): 343-346.

2 Shipley, L.A. “Grazers and Browsers: How Digestive Morphology Affects Diet Selection.”  
Grazing Behavior of Livestock and Wildlife Feb. 1999: 20-27.

3 La Brea Tar Pits Museum. 2002. The La Brea Exploration Guide.  
Available online: http://www.tarpits.org/education/guide/flora/mastodon.html.

4 Benner, S., et al. “Planetary Biology—Paleontological, Geological, and Molecular  
Histories of Life.” Science 296 (2002): 864-868.

5 University of California Berkeley Museum of Paleontology. 2002. History of Life.  
Available online: http://www.ucmp.berkeley.edu/historyoflife/histoflife.html.

This activity relates to the 
following Massachusetts 
Learning Standards: 

Pre K – 2

• Evolution and biodiversity
•  Living things and  

their environment

3 – 5

• Adaptations of living things

6 – 8

• Classification of organisms 
•  Changes in ecosystems 

over time 
• Evolution and biodiversity
•  Living things and  

their environment

9 – 12

•  Ecology
• Evolution and biodiversity
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Overview: 
what is  
evolution?

Museum of Science, Boston

Arctinurus boltoni (Trilobite)



Explore the connections

Many people find it hard to understand how evolution actually occurs. 
To think that we are related to an ancient undersea arthropod is hard for anyone 
to accept! However, evolution is a well-documented theory made up of many  
different lines of evidence.

Simply put, biological evolution is descent with modification. Charles Darwin,  
in his book On the Origin of Species, provided the first scientifically supported 
description of how evolution works. Darwin provided a wealth of morphological 
and fossil evidence because, in science, we need evidence in order to support  
a specific theory. The mechanism he proposed for evolutionary changes, based 
on all his evidence, was natural selection.3 Now, with the synthesis of genetics 
and natural selection, we have a well-supported theory that is the best explana-
tion for how descent occurs with modification.

Today, evolutionary claims are confirmed with:

• Fossils—mineralized remnants of ancient life

• DNA analysis—an assessment of the genomes of animals and plants

• Comparative anatomy—a comparison of structures or morphology

• Embryology—a study of the development of plant and animal embryos

Concepts and misconceptions

ConCEpts 

Evolution involves four main ideas:

•  Generations—The time period in which evolutionary changes occur.  
Note: It does not happen in one organism’s lifetime.

•  Variability—The differences in the ways individuals in a population of organisms 
look and behave. 

•  Inheritance—The process by which traits are passed on from one generation 
to the next. 

•  Selection—The process by which some traits allow individuals to survive and 
reproduce in a particular environment. 

MisConCEptions

Many people mistakenly think that: 

•  The physical differences between humans and other forms of life are too  
significant for the organisms to be related. This is not true. Over many  
generations, organisms can evolve very different appearances.

•  There is no evidence of real change in humans over recorded history. In fact, 
there is! Lactose tolerance among adults, for example, evolved only over the 
last 9,000 years.



Exhibit scavenger hunt

Go to the Natural Mysteries exhibit, located in the Blue Wing, 
Lower Level, and fi nd the fossil trilobite.

Did you know that trilobites and humans last shared a common ancestor 
1 billion years ago? This ancestor was among the last common ancestors of 
all animals—your great, great, great, great, great, great, great (about 200 million 
greats) grandparent! 

The name “trilobite” derives from the Greek trilobos, meaning “three-lobed.” 
Grooves divide the lobes sagittally into three sections: the left pleural lobe, the 
axial lobe, and the right pleural lobe. Can you match the parts of a trilobite with 
the corresponding letters? (Answers appear below.)

Scientists have developed hypotheses about trilobites by studying millions of their 
fossilized remains. The marked boxes in the trilobite column indicate the hypoth-
eses that have been supported by evidence. Put an “X” in the box if the same 
statement is true for your species.

     TRILOBITE  HUMAN

Made of cells X

Can walk on two legs 

DNA in the cells X

Breathe under water X

Females give birth X

Use eyes to see X

Is extinct X

Can fl y

Answers: (a) cephalon, (b) thorax, (c) pygidium, (d) left pleural lobe, (e) axial lobe, (f) right pleural lobe

Illustrations by Dr. Sam Gon III

____ Thorax 

____ Axial lobe

____ Pygidium (tail)

____ Cephalon (head)

____ Left pleural lobe

____ Right pleural lobe



This activity relates to the 
following Massachusetts 
Learning Standards: 

Pre K – 2

•  Evolution and diversity

3 – 5

•  Adaptations of living things

6 – 8

•  Classification of organisms
•  Evolution and biodiversity
•  Changes in ecosystems 

over time

9 – 12

•  Evolution and biodiversity

Additional activities for  
home or school

1.  Pick any two living things and list ways they are the same and  
ways they are different. 

2.  Can humans fly? Can humans breathe underwater? Discuss the  
achievements of technology in order to consider whether modern  
human technologies should be included in “evolution” of our species. 

3.  Copy the structure of the simple tree below and see if students can put  
the images in the correct locations.2 

4.  Find the human in the chart below. Humans have existed for about  
200,000 years.4 If the length of the line indicating the existence of our  
species was drawn as a half-inch and the rest of the tree was drawn to  
scale, how long would the line be that indicates the duration of the trilobites?2

References:
1 Pitcher, Kirsty. 1998. “Trilobites…and Their Evolution Through Time.” Oxford Brookes University.  
Available online: http://www.brookes.ac.uk/geology/8361/1998/kirsty/trilo.html.

2 Hedges, S. Blair. “The Origin and Evolution of Model Organisms.” Nature Reviews Genetics.  
3 (2002): 838-849.

3 Darwin, Charles. On the Origin of Species by Means of Natural Selection. London: John Murray. 1859.
4 Templeton, Alan. “Out of Africa Again and Again.” Nature. 416 (2002): 45-51.

Trilobite 

Horseshoe crab 

Fish

Human

How to read this family tree: Pick an animal and trace the line from right  
to left. Your animal shares a common ancestor with another animal at the  
point where their lines intersect. It is important to remember that if these  
two animals share an ancient common ancestor, they will most likely look  
nothing like their ancestor.

Explore our connectedness to other species, past and present, in the new  
permanent Human Evolution exhibit. Now open in the Human Body Connection.
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Turtles can 
teach us 
about  
natural  
selection

Museum of Science, Boston

Chelydra serpentina 
(Snapping Turtle)

Carette caretta 
(Loggerhead Turtle)



Explore the connections

If the first turtles had claws,2,3 why do modern sea turtles have flippers? 
Did the watery environment cause the legs to change? The answer is “no”  
because this is not how evolution works. Instead, those animals that—by 
chance—happened to possess slight DNA changes that eventually led to  
flippers, survived more often than those that did not have these modifications. 
In the case of turtles, those who had mutations for webbing were the ones that 
survived in the water. Their offspring inherited the changes, leading to a long line 
of turtles with flippers instead of claws. This process is called adaptation. 

Adaptations don’t happen to an individual animal; they happen to a population, 
but they are rooted in changes in individual organisms. For instance, in the large 
population of the earliest turtles there were slight differences, called variability, 
among individual animals. Some had slightly smaller claws and/or more webbing 
between the claws. Others had slightly longer claws. Where did this variability 
come from? It was caused by accumulated differences in the DNA of each  
animal. Some of these changes were inherited from parent turtles while others 
were the result of random mutations in the individual’s DNA. 

Among ancient turtles—as with all species—there was competition for food  
and mates. Only some turtles would live to lay eggs. In wetter habitats perhaps 
the animals with webbing in their feet were the ones that survived. Webbing  
conferred an advantage. The offspring of these turtles would have inherited  
webbing, too. Over many generations, more survived with flipper-like feet.  
This process is called natural selection. 

Scientists can see these kinds of changes that have happened over time in  
a population by comparing fossils of the same species from different eras.

Concepts and misconceptions

ConCEpt 

•  Because some animals in a population survive to reproduce while others do 
not, selection occurs over many generations.

MIsConCEptIons

Many people mistakenly think that: 

•  Environment causes traits to change. Actually, most trait changes start out as 
random genetic mutations that are then passed on to successive generations.

•  Animals are “done” adapting and are perfectly suited to their environments. 
The truth is that adaptation occurs continually over time.

•  Adaptations act on single behaviors. In the previous example, we associated 
flippers with swimming. However, flippers may have initially evolved due to  
an unrelated adaptive advantage, perhaps burying eggs. Flippers may have 
continued to exist in the population because they conferred an advantage in  
the water.



Exhibit scavenger hunt

Go to the Natural Mysteries exhibit, located in the Blue Wing, 
Lower Level, and find the two turtles on display.

Open the drawers to find even more turtles.

How many turtles do you see?

How many species of turtle do you find? 

This is a photograph of a replica of the most primitive turtle known,  
Proganochelys. This species is extinct, and fossils indicate that it lived  
about 210 million years ago.1

Like turtles today, these ancient animals had shells and large ear openings.  
Their limbs were sprawled out to the side and they lacked teeth. But, unlike 
today’s turtles, they had thorny necks that could not retract, and long, spiked, 
clubbed tails. 

Based on this photo, which modern day turtle do you think looks most  
like Proganochelys? 

According to the fossil evidence, can you tell which trait most likely  
appeared first in turtles: clawed feet or flippers?
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Explore our connectedness to other species, past and present, in the new  
permanent Human Evolution exhibit. Now open in the Human Body Connection.
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Additional activities for  
home or school

1.  Take two handfuls of various colored beans and spread them on two plates: 
one plate covered in ground coffee, one in salt. Ask students to imagine they 
are hungry animals picking the beans off the ground to eat. They should pick 
them up, one by one, quickly but carefully, so they will not disturb the ground. 
They may notice that the dark beans were the first to be picked up from the 
plate covered with salt while the white beans were the first to disappear from 
the plate covered by coffee. If the beans that are left “uneaten” on each plate 
could survive to reproduce, students will see that two different variations of a 
living form would survive. 

2.  Fossils are any remnants or impressions of organisms from a previous  
geologic age that have been preserved in the Earth’s crust. Before scientists 
can determine how modern living things are related to ancient organisms, they 
must date the fossils. Radio-carbon dating, thermoluminescence dating, and 
electron spin resonance are just a few of the various dating methods being 
used by scientists today. Read National Geographic’s “How Old Is It?” as  
a good source for understanding how scientists can date a fossil find.4,5

References:
1 American Museum of Natural History. 2002. Expedition: Treasures. New York. Available online:  
http://www.amnh.org/exhibitions/expeditions/treasure_fossil/Fossils/Specimens/proganochelys.html

2 Hirayama, Ren. “Oldest Known Sea Turtle.” Nature. 392 (1998): 705-708.
3 Reisz, R., et al. “Owenetta and the Origin of Turtles.” Nature. 349 (1991): 324-326.
4 Zimmer, Carl. “How Old Is It?” National Geographic. Sept. 2001: 82-100. 
5 Minnesota State University. 2002. Dating Techniques. Mankato. Available online:  
http://www.mnsu.edu/emuseum/archaeology/dating

This activity relates to the 
following Massachusetts 
Learning Standards: 

Pre K – 2

•  Heredity 
•  Evolution and biodiversity

3 – 5

•  Adaptations of living things

6 – 8

•  Classification of organisms 
•  Reproduction and heredity 
•  Evolution and biodiversity

9 – 12

•  Genetics 
•  Ecology 
•  Evolution and biodiversity

notE to tEACHERs



Woodchucks 
help us  
understand 
symbiosis

Museum of Science, Boston

Marmota monax (Woodchuck)



Explore the connections

Organisms work and live together to ensure their own survival.  
Woodchucks and humans provide an example of this relationship. For hundreds  
of years, people have used woodchuck meat for food, hide for clothing, and  
fur to replicate trout flies. At the same time, woodchucks have used humans  
by eating from their gardens. The association between two living things is  
called symbiosis. Symbiosis may be antagonistic—of benefit to one species  
but harmful to the other, as in the case of the human and the woodchuck; or  
mutualistic—positive for both species—as in the case of humans and our  
intestinal bacteria. Sometimes one animal benefits without either benefit or  
detriment to the other. This is called commensalism. 

All forms of life have evolved along with other living things. The environment  
has helped shape the morphology and behavior of each species. 

Today, people have produced a new relationship with various animals by using  
them as experimental organisms to study human conditions. These animals are  
called model organisms. Woodchucks have become a model organism in the  
study of hepatitis, cancer, obesity, strokes, and energy problems. As scientists  
have learned more about genetics they have discovered that we share many  
genes with other living things. 

For instance, although the same hepatitis B virus that infects people does not  
infect woodchucks, there is a woodchuck hepatitis virus that is similar to the  
human type. By studying populations of infected woodchucks, scientists have  
found clues to help in the treatment and cure of the human disease.1

Scientists also study woodchuck hibernation. Woodchucks have evolved  
characteristics that allow them to hibernate and survive without eating for long  
periods of time in the face of low oxygen and cold temperatures. Through studies  
of their physiology, we may come to understand the way human bodies respond  
to oxygen starvation or food storage.2

Concepts and misconceptions

COnCEpt 

•  The study of evolution has many direct applications to problems that impact us today.

MisCOnCEptiOns

Many people mistakenly think that: 

•  Evolution is simply an academic philosophy, not a scientific theory. However, the 
study of the evolution of life has many direct applications that can affect us all.

•  Lab rats and fruit flies are the only animals used in scientific observations  
and experiments. In fact, many other forms of life (like wookchucks, zebrafish,  
chickens, and E. coli ) can give us insight into human diseases and problems.



Exhibit scavenger hunt

Go to the Natural Mysteries exhibit, located in the  
Blue Wing, Lower Level, and find a woodchuck sitting  
by its burrow.

1.  Peer into the woodchuck habitat. You might think that this is simply a display 
of woodchucks. Now look again. There are many other organisms that live in 
symbiosis with woodchucks. 

2. Match the description to the picture. 

 a.  Find an animal curled at the front of the diorama that might find shelter  
in the woodchuck burrow when winter arrives.

 b.  Find a plant that the woodchuck might chew on in the early spring before 
the green leaves have grown.

 c.  Find something that is neither a plant nor a fungi, but a combination of  
both, living together dependently.

 d.  Imagine an animal that lives near woodchucks and benefits from them.

 e.  Think of an animal that thrives on the blood of the woodchucks but is too 
small for you to see.

1.___ 2.___

3.___ 4.___ 5.___

Answers: a-3 (snake), b-5 (sumac), c-4 (lichen), d-2 (human), e-1 (flea)



Explore our connectedness to other species, past and present, in the new  
permanent Human Evolution exhibit. Now open in the Human Body Connection.
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Additional activities for  
home or school

1.  Using the list below, match the model organisms with the investigations  
they are used for. (Answers below.)4-7

2.  Embryology, the study of the formation and early development of organisms, 
is often used as an additional line of evidence to highlight evolutionary  
relationships. Compare and contrast the embryos of various model  
organisms of different species.3

References:
1 Lee, W.M. “Hepatitis B Virus Infection.” New England Journal of Medicine. 337 (1997): 1733-1745.
2  Zhou, F., et al. “Hibernation, a Model of Neuroprotection.” American Journal of Pathology.  
158 (2001): 2145-2151.

3  Nova. 2001. Odyssey of Life. Available online: http://www.pbs.org/wgbh/nova/odyssey/clips/.
4  Kinsella, et al. “The Effect of Extracorporeal Membrane Oxigination on Coronary Profusion and  
Regional Bloodflow Distribution.” Pediatric Research. 31 (1992): 80-84.

5 Popper, et al. “Hepatocarcinogenicity of the Woodchuck Hepatitis Virus.” Proceedings of the  
National Academy of Sciences, 84 (1987): 866-870.

6 Dickinson, et al. “Neuroipeptide Fusion of Two Motor-Pattern Generator Circuits.” Nature.  
8 March 1990: 155-158.

7 Reilly, J.S. “Treatment of Ampicillin-Resistant Acute Otitis Media in the Chinchilla.”  
Archives of Otolaryngology. 109 (1983): 533-535.

ShEEp Motor coordiNatioN aNd  
 diSEaSES likE parkiNSoN’S

arMadilloS childhood MiddlE-Ear iNfEctioNS

loBStErS luNg fuNctioN iN iNfaNtS

chiNchillaS lEproSy

Answers: Sheep—Lung function in infants. Armadillos—Leprosy. Lobsters—Motor coordination. Chinchillas—Ear infection.

This activity relates to the 
following Massachusetts 
Learning Standards: 

pre k – 2

•  Characteristics of  
living things

•  Living things and  
their environment

3 – 5

•  Characteristics of  
plants and animals

• Adaptations of living things

6 – 8

• Evolution and biodiversity
•  Living things and  

their environment

9 – 12

• Ecology
• Evolution and biodiversity

nOtE tO tEACHERs
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