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This exhibition is about how scientists have come to understand the history of life.  It starts with questions that 
arose among 18th and 19th century scientists about how the fossil remains of ancient life forms they were 
finding fit with what was understood about the tree of life.  With a backdrop, the exhibition highlights Darwin’s 
voyage aboard the H.M.S. Beagle, the observations he made on onshore, and the ideas he borrowed from the 
developing science of geology to support his theory of evolution by natural selection.  The exhibition explores 
how scientists, assisted by technology, use the theory to help them investigate relationships among groups 
of organisms in the tree of life and in particular, the idea that birds descended from dinosaurs and should be 
considered modern dinosaurs.

A response to the question, how is it that scientists arrive at improving their understanding of the natural world, 
is the exhibition’s subtext and it is the subject of this 
primer.  Earth science is a historical science, i.e., it 
concerns itself with collecting and drawing inferences 
from field observations with the objective of being 
able to construct a story that explains what has been 
observed.   Inferences are based on the application of 
a set of principles and laws, such as uniformitarianism, 
or the principle of superposition.  To some extent, 
biology is also an historical science.  Field biologists 
collect specimens of living things and after examining 
a number of individuals that seem to be alike use 
their characteristics to name them scientifically and 
thus place them within the tree of life.  Comparative 
anatomy is still an important tool used to investigate 
homologous structures and relationships between 
groups of organisms that tell the story of the history of 
life.

As testable hypotheses have developed and new 
technologies have become available, both sciences 
have become more experimental in nature without 
losing their identity as historical sciences.  In biology, 
it is now possible using genomics to experiment with 
different mechanisms of natural selection for example.  
On a macro level, computer and physical models of 
organism anatomy are being used to test alternative 
hypotheses concerning bipedal locomotion in 
dinosaurs and the potential for flight in the dinosaur 
ancestors of birds. In the Earth sciences, isotopes of 
the radioactive elements are used to estimate age.  
stable isotopes and other chemical signals in rocks are 
used to determine everything from paleo temperatures to rates of erosion of soil horizons.

The purpose of this primer is to help educators with the guiding questions section of the Educator’s Guide.  
The primer provides a short history of how natural science plot into geology and biology.  To fully be informed 
and appreciate the multiple strands that make up this exhibition, visitors need some background information 
on the ideas that joined together make up each strand.  Many of the ideas that are key to understanding what 
geologists, paleontologists, and biologists do are described in this document.  This includes a brief section on 
the essential elements contained in Darwin’s theory of natural selection.  The last section of the primer provides 
a more detailed discussion of the case for birds being modern dinosaurs than is presented in the Guiding 
Questions section.
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HOW DID THE STUDY OF NATURAL HISTORY BECOME A SCIENCE?

Until the early 19th century, the study of natural history was undertaken by individuals trained as 
philosophers, clergy, and medical doctors.  Interest in how the Earth came to be was universal among 
these early scientists.  There were few individuals in institutions of higher learning that could be called 
geologists.  But among those was Nicolas Steno, who was the first to state the law of superposition 
and the principle of original horizontality in the 17th century.   The law of superposition states that in 
a vertical sequence of sedimentary rocks, the oldest layer is on the bottom of the sequence and the 
youngest layer is on the top.  The principle of original horizontality states that when first deposited in 
water, sediment will accumulate in layers that are nearly horizontal.  How these ideas are applied to 
unravel geologic history is described in more detail later in this guide.

By the latter part of the nineteenth century, the study of natural history had transitioned into the fields 
of geology and biology.  Both fields have roots in natural history and thus, are distinct from physics 
and chemistry.  Physics and chemistry are first and foremost experimental sciences, but geology and 
to a lesser extent, biology are historical sciences.  Historical sciences attempt to explain the present 
state of the natural world as a consequence of a sequence of historical events.

By the middle of the 18th century, early geologists were trying to make sense of what they were 
observing in outcroppings of rocks.  Books and articles were written proposing theories of 
Earth formation based on what was understood about natural processes, including erosion, 
deposition, and volcanism.  Late in the century, two competing theories developed that attempted to 
explain how the Earth formed  Geologists, who were neptunists, advanced the idea that the Earth was 
originally water.  The material that formed Earth’s layers, including fossils, settled out in a sequence 
over time.  The oldest layer was granite and after the granite had settled out, layers sedimentary rocks 
followed with increasing numbers of fossils incorporated into each new layer.  Religious teachings 
also influenced theories of how the Earth formed.  In the 17th Century, Bishop Ussher used a literal 
interpretation of the Old Testament to calculate that the Earth hd come into existence in 4004 B.C.  
Many 18th and 19th century neptunists supported the Ussher’s age of the Earth and combined that 
with the idea of a Biblical Great flood that had once covered the Earth. They proposed that natural 
processes had modified Earth’s surface during abrupt, short-lived, violent events that took place after 
the Earth was created.  

In contrast, the plutonists proposed the theory that the Earth formed through the gradual solidification 
of a molten mass at a slow rate by the same processes that occurred throughout history and continues 
in present day.  James Hutton (1726 -1797), a Scottish doctor and leading philosopher of the time, 
developed the theory of plutonism and famously made the statement: “the present is the key to the 
past.”  This short statement makes three claims.  The first is that the processes that formed the rocks 
we observe are the same processes we observe today.  The second is that natural processes operate 
more or less like they always have.  The third idea is that these processes produce small, insignificant 
change in the short term, but take place over very long periods, and result in large scale change.  
Before Hutton, geologists understood that landmasses would eventually wear away by erosion.  
However, Hutton believed that God had produced a purposeful world in which favorable conditions 
were sustained to allow man to flourish. Hutton viewed the Earth as a self-maintaining system where 
the erosion of landmasses was balanced by sediment deposition and uplift to create new land and 
environmental stability was maintained. 
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Charles Lyell (1797-1875) was an English geologist.  Nearly half a century after Hutton, he promoted 
the three ideas contained in Hutton’s statement and incorporated them into his principle of 
uniformitarianism.  Uniformitarianism became the cornerstone of how Lyell viewed the practice of 
geology in his three-volume work, The Principles of Geology.  Charles Darwin had access to two of the 
three volumes of this publication during his trip.

The methodology of doing the science of geology in the field on a nationwide scale came about 
largely because of the need for coal and other natural resources to fuel the industrial revolution in 
Great Britain.  William Smith (1769-1839) was a self-taught geologist who produced the first surface 
geologic map of England, Wales, and Scotland in 1815.  He is also credited with formulating the 
principle of faunal succession.  How this idea is used by geologists to interpret geologic history is 
described in the next section of this guide.

HOW DO GEOLOGISTS UNRAVEL GEOLOGIC HISTORY?

Law of Superposition and Relative Dating
The ideas used by geologists to understand the Earth history of a region include the law of 
superposition, principle of original horizontality, and the principle of faunal succession. These apply 
to vertical sequences of loose sediment layers and sedimentary rocks.  Sedimentary rocks form from 
sediment that has been compacted and cemented.  Sedimentary rocks form in layers called strata 
(stratum, singular).  Strata can be likened to the layers of a cake.  In cake making, layers are laid down 
flat in a horizontal position on a pallet (principle of original horizontality) with the oldest deposited 
layer on the bottom of the stack and the youngest layer on top.  

Principle of Faunal Succession
Now suppose the baker wants to make a yellow cake and adds peanuts to the batter for the bottom 
layer, raisins to the batter for the next layer, chocolate chips to the batter for the top layer.  Once each 
layer is baked and the cake is assembled, there is a vertical sequence of added ingredients: peanuts, 
then raisins, and finally chocolate chips.  The baker could then say that the peanuts were added first, 
because they are in the bottom (oldest) layer, the raisins were added next (younger than the bottom 
layer), and the chocolate chips were added last (younger than either the peanuts or the raisins.  This 
is an example of the principle of faunal succession.  In a vertical sequence of strata, if we find shark’s 
teeth in the lowermost layer, dinosaur bones is the middle layer, and mammoth bones in the top layer, 
we could say that the shark fossils are older than the dinosaur bones, and the mammoth bones are 
younger than either the shark teeth or the dinosaur bones.  

Correlation
Let’s return to our cake analogy and suppose that at the same time we are baking the yellow cake we 
just described, with the additions to each layer, another baker is making the identical cake, except 
that middle layer will now be chocolate cake instead of yellow cake.  Once both cake layers are baked 
and assembled, we could set them side-by-side and see how the vertical sequence of layers in one 
cake relates to the vertical sequence of layers in the other cake.  Because the top and bottom layers of 
each cake are yellow cake and they both have same added ingredients in them, we can say that they 
correlate to each other.  The bottom layer of one cake was deposited at the same time that the bottom 
layer of the other cake was deposited.  We know this because in the faunal succession, the peanuts 
came first.  We might wonder how the yellow cake layer in the first cake relates in time to the chocolate 
cake layer in the second cake. 
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Correlation cont.
The answer is that both were deposited at the same time because they both have the raisins and we 
know that raisins follows peanuts in our faunal succession.  We can strengthen our confidence in this 
conclusion by looking at the topmost layer of each cake.  The topmost layers of each cake are made of 
yellow cake and they both have chocolate chips.  We know from our faunal succession that chocolate 
chips are younger than the raisins.  Thus the second layer in the one cake was deposited at the same 
time as the second layer in the other cake.  A geologist would say the two middle layers are correlated 
based on their position within the vertical sequence and the similar extra ingredient (raisins) in each 
layer.

Unconformity
Continuing with our example, two bakers are each simultaneously baking a three-layer cake.  Let’s 
stipulate that each layer is put on the stack of layers at the same time. As it turns out one of the bakers 
adds the chocolate layer, but then decides he would rather have only a yellow cake.  As a result, he 
makes the upper layer twice as thick to make up for the missing middle layer.  If we put the two cakes 
side by side and cut into each, exposing the layering inside, we would see that the cakes are not 
identical.  The upper and lower layers of the three-layer cake would correlate with the top and bottom 
layers of the two-layer cake.  The lower layer of each cake would have peanuts and the upper layer of 
each cake would have chocolate chips.  The middle layer of the three-layer cake would not correlate to 
any of the two layers in the other cake.  

If we were not aware of how the bakers went about their task of making the cakes, we would be 
confronted with two scenarios that would explain the differences between the cakes.  Each possibility 
would have to account for the missing chocolate layer in the two-layer cake.  We could speculate that 
the chocolate layer was never deposited as the cake was being assembled.  That would mean that the 
lower layer was exposed for a longer period than it was as the three-layer cake was being assembled 
since the bottom and the top layers were deposited (placed on the stack) at the same time.  An 
alternative speculation would be that the missing layer was deposited on the stack, but then removed.  
The upper thicker layer would have been deposited after removal of the middle layer.  In either case, 
there is an interruption, an interval of time, in the deposition of the lower and upper layers in the 
two-layer cake.  This is confirmed by the absence of raisins in the lower part of the upper layer of the 
two-layer cake.  Since we are missing the raisins from our faunal succession (peanuts, then raisins, then 
chocolate chips) in the two-layer cake, we are missing part of the depositional history of how our cake 
layers were assembled.  We might be able to choose which speculation is more likely to be correct if 
we can find some evidence.  Suppose that on close inspection of the two-layer cake, we find crumbs of 
chocolate cake in between the layers.  That would mean, the missing chocolate layer would have been 
deposited, but then was removed before the upper thicker layer was added. 

Let’s apply our understanding of this cake example to two vertical sequences of sedimentary rock 
layers where we have a missing layer in one sequence that appears in another and the upper layer in 
that sequence appears to have filled in the gap where missing layer had been.  If we find small bits of 
the missing layer at the boundary between the two layers, we could say that erosion had removed the 
missing layer in that sequence.  The boundary between the two layers would be an erosional surface 
called an unconformity.  Unconformities represent a gap in time where the geologic record of what 
happened at that location is missing.
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Deep Time, The Geologic Timetable, and Relative Dating
The Earth is 4.56 billion years old and throughout its history, events have taken place causing vast 
changes to its surface.  The chart shown below is the geologic timescale and it dates some of 
the Earth-shaping events that have taken place across the globe and locally as well as the major 
milestones in the development of the tree of life.

TEACHING IN THE EXHIBITION

To make sense of the geologic past, what Earth scientists call deep time, they must decide not only on 
the order of events that have taken place, but also how long ago each event took place and how long 
it lasted.  Since the birth of geology, scientists have recognized that deep time could be subdivided 
into smaller and smaller intervals based on the geologic record left behind by global scale events.  
The geologic time scale in this part of the exhibition illustrates how geologists subdivide deep time 
into named intervals.  With the development of the geologic timescale, geologists had a way of 
relating sequences of rocks in one part of the world with sequences elsewhere.

As you look at the geologic time scale chart, note that the largest interval of time recognized by 
geologists is the eon.  The Phanerozoic, the interval we live in, began 635 million years ago.  It is one of 
the shortest eons in the geologic time scale.  Eons are subdivided into eras, which are the next smaller 
intervals of deep time recognized by geologists.  Three eras are recognized within the Phanerozoic.  
From oldest to youngest, these are the Paleozoic, Mesozoic, and Cenozoic Eras.  Periods make up the 
eras and even smaller intervals, the epochs make up the periods in the time scale.  



Index Fossils
Until the middle of the 20th century, geologists could only assign relative ages to sequences of rocks 
and deposits they were investigating.  Prior to this time, geologists relied primarily on fossil content.  In 
some cases, we can associate certain fossils with certain intervals of geologic time.  These are called 
index fossils.  For example, mosasaurs were marine reptiles that lived only during the Cretaceous 
Period.  If a geologist doing fieldwork finds fossilized remains of mosasaurs, she can say with 
confidence that the rock section the remains came from was deposited during the Cretaceous Period.  
Index fossils are an important tool geologists can use to tell the relative age of strata in which they are 
found.

Absolute Dating
In our cake making example, we have used the law of superposition and the principle of faunal 
succession to determine relative age, i.e., which layer was deposited first (and therefore, is older) 
and which layer was deposited last (and therefore, is younger).  Until the middle of the 20th century, 
geologists could only assign relative ages to the vertical sequences of rocks and deposits they were 
investigating.  They did not know how much older or younger one stratum was in comparison to 
another.  What was needed was the ability to make an accurate estimate of age using some preserved 
characteristic in the rocks or deposits of sediment.  By the mid 20th century, the natural radioactivity of 
rocks and sediments offered a way that would allow scientists to date Earth materials.  

Samples of each naturally 
occurring element contain atoms 
that vary in atomic weight even 
though the atomic number of 
these variations is the same.  These 
variations are called isotopes.  For 
example, hydrogen has three 
distinct isotopes: hydrogen with 
one proton in its nucleus and 
no neutrons, deuterium with 
one proton and one neutron 
in its nucleus, and tritium with 
one proton and two neutrons 
in its nucleus.  Some elements 
are naturally radioactive or have 
radioactive isotopes.  Tritium is 
the only isotope of hydrogen that 
is radioactive.  Elements that are radioactive emit particles and often packets of energy as they decay 
from one form (a parent) to another (a daughter).  Earth scientists use radioactive elements and naturally 
occurring radioactive isotopes to estimate age based on the amount of time it takes for half of the 
parent atoms to decay to daughter atoms.  This is called the half life.  By measuring the amount of the 
parent and daughter atoms in a sample and knowing the half life of the parent, the age of the material 
can be estimated.  This allows scientists to assign an age date to samples of Earth materials and has 
given scientists the information needed to assign dates to each of the intervals of time in the geologic 
time table.
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WHAT IS THE TREE OF LIFE?

When we think of the history of our families, we often refer to the current and past generations of our 
ancestors in the context of a family tree.  The current generation of sons and daughters came from the 
previous generation, parents, and your parents came from a previous generation, your grandparents, 
and so on back in time.  In its essence, the family tree encapsulates how your family has diversified or 
changed over time.

We can think of the tree of life in much the same way.  The branching of 
the tree is a way illustrating how we think one form of life has evolved into 
another.  This is referred to as a phylogenetic relationship.  If we think of the 
tree of life as a tree we can move down the tree from the smallest branches, to 
larger branches, and then the major limbs of the tree, and finally we can end 
with the trunk.   Applying this analogy to the tree of life, we can trace through 
various branches all the way back to a common ancestor.  

The phylogenetic relationships that the tree of life expresses are based on 
evidence, very much like the evidence you would need access to in order to 
discern the relationships between ancestors in your family tree, for example, 
birth certificates, jottings in family Bibles, court records, including DNA testing.  
All of these provide evidence of ancestry.  We can think of a family tree that 
goes back hundreds of years as a hypothesis that is based on the available 
evidence.  The farther back in time you search for ancestors, the less evidence 
you may find to support relationships between generations.  Consequently, 
the level of certainty you may have may decrease as you go farther and farther 
back in time.  This is very much the situation faced by paleontologists looking 
at the fossilized remains of ancient life forms.  Using the evidence they try to 
understand relationships between different groups of extinct organisms and life forms that continue to 
evolve over time.

DARWIN’S VOYAGE AND ON THE ORIGIN OF SPECIES

The Voyage
In December 1831, Charles Darwin started a round-the-world voyage on the H.M.S. Beagle that 
ended back in England in 1836.  He was well-prepared academically to take on this adventure.  As a 
youth, he had a strong interest in the natural world.  Prior to the voyage, he attended the University 
of Edinburgh to be trained as a medical doctor.  However, he lost interest in medicine and instead 
conducted research on marine invertebrates.  Darwin left the university and eventually graduated from 
Cambridge, where he trained to become a clergyman.  As part of his training, he completed a number 
of natural science courses, including biology.

Much of the voyage was spent surveying the coast of South America and the Galapagos Islands, with 
short stopovers in Australia, New Zealand, Tasmania, and The Cape of Good Hope.   At that time, the 
British Admiralty charts of the South American coastline were poorly drawn and in need of revision to 
assist navigation.  

While the ship’s crew was busy surveying the coastline, Darwin spent time onshore and traveled 
into the interior of the continent.  As a result he filled a number of notebooks with observations and 
collected thousands of specimens of animals, plants, and rocks and minerals.  On his travels, he noted 

TEACHING IN THE EXHIBITION



The Voyage cont.
the adaptations that organisms made to survive in environments as diverse as the rainforests of 
Brazil, the grasslands of Argentina, and the frigid lands of Tierra del Fuego at the southern tip of the 
continent.  On his excursion into Paraguay, he excavated fossils of animals that looked more like the 
animals he observed on the continent than any of the fossils on other continents.  During his visit to 
the Galapagos Islands, he observed many unique organisms, many that were similar to, but different 
from the organisms he had observed on the South American continent.  It was interesting to him that 
individual islands had their own unique animals and plants that also were similar to, but different from, 
those he observed on other islands in the Galapagos.

Darwin read extensively during the voyage and was especially interested in Charles Lyell’s recently 
published book, Principles of Geology.  By the time he returned to England, he would have read 
two of the three volumes of this work.  Lyell was a plutonist and promoted Hutton’s theory of Earth 
formation encapsulated in the uniformitarian principle.  While Darwin was in Chile, he witnessed the 
aftereffects of an earthquake that elevated the coastline nearly a meter above sea level.  At about this 
time, he observed and collected fossils of marine organisms high in the Andes Mountains.  These two 
observations made Darwin realize that Earth processes often produce small incremental changes that 
over time can amount to large scale change.  In other words, the Andes Mountains could only have 
formed after many earthquakes occurring over geologic time resulted in the uplift strata that had at 
one time been sediment on the ocean bottom.  This realization convinced Darwin that the Earth was 
much older than 6,000 year age, which was based on Bishop Ussher’s calculation.  His experiences 
and the books he read lead him to seriously doubt that Earth and all its inhabitants had been specially 
created only a few thousand years earlier.

On The Origin of Species
On his return to England in 1836, Darwin catalogued and analyzed his specimen collections and 
discussed them with his fellow scientists.  He continued reading and corresponding with other 
scientists.  By the early 1840s, Darwin had composed a long essay that described the major features 
of a theory that attempted to explain what he had experienced on the voyage and that incorporated 
what he had learned from his reading.  However, he delayed publishing it fearing that his ideas would 
raise a public outcry.  The need to publish became apparent in the mid 1850s after a colleague, Alfred 
Wallace, asked Darwin to review a manuscript he had written. Wallace’s manuscript proposed many of 
the same ideas that were covered in the essay.  Darwin had written more than a decade earlier.  

Darwin expanded on his earlier long essay and in 1859 published them in his book, On the Origin 
of Species by Means of Natural Selection.  The main idea presented and expanded on in the book 
is that the history of life on Earth is the tale of “descent with modification”.  The phrase means that an 
ancestral species could diversify into many descendant species by the accumulation of adaptations 
in response to different environments.  In other words, organisms that currently exist arose from 
a succession of ancestors.  Darwin distinguished between two different ways that “descent with 
modification” can happen.  Artificial selection is a process that humans have learned to make plant and 
animal species more useful.  This is done by selecting and breeding individuals for desirable traits.  
The crop plants we harvest, the flowers we grow, the pets we bring into our homes, and domesticated 
animals that we rely on for food have all resulted from the artificial selection of desirable traits in the 
wild ancestors of these organisms.  Darwin explained that natural selection is a similar process that 
occurs in nature.  Natural selection differs from artificial selection in that it takes place over hundreds 
to thousands or generations and it is an undirected process.  Darwin stated two key observations and 
from these drew two inferences that are the cornerstones of natural selection:
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• Observations
 Members of a population often vary in their traits, and most traits are inherited  from parent to
 offspring.
  All species are capable of producing more offspring than the environment can support.
• Inferences
  Individuals whose inherited traits give them a higher probability of surviving and reproducing in
 a given environment tend to leave more offspring than other individuals.
  This unequal production of offspring will cause favorable traits to accumulate in a population
 over generations.

Darwin’s observations are familiar to us.  In families, sons and daughters are not exact replicas of their 
parents.  Note that some of the physical traits we observe in our children mirror the physical traits 
parents possess (Johnny has inherited the shape of my nose).  We may also recognize physical traits 
in children that we have observed in grandparents.  Ever since Malthus, an 18th century economist, 
made us aware of the consequences of overpopulation.  We occasionally see these consequences 
playing out in the news, especially in the case of refugee camps, where the population of humans has 
outstripped the resources available on site to support them.

The inferences Darwin made based on these observations are less apparent, but get to the heart of 
what natural selection is all about.  They are best explained by looking at a bottle of hand sanitizer or 
a disinfectant.  For many of these products, if you look at the label, you will see that the manufacturer 
claims that the product is at least 99% effective at killing germs (presumably bacteria).  Bacteria are 
capable of producing hundreds to thousands of generations in a very short time.  Keeping in mind 
that the traits carried by each generation are variably expressed.  What this means is that some some 
individuals in one generation of bacteria are better able to resist being killed by the sanitizer or 
disinfectant than others.  The degree to which the bacteria are able to resist is a trait that has been 
passed down from the previous generation.  When you apply the sanitizer or disinfectant, you will be 
able to wipe most of the individuals, but there is a chance that a few individuals will survive and go on 
to produce a new generation.  Within that generation there is the possibility that there will be more 
individuals that possess the resistance trait than there was in the previous generation.   We can extend 
this example to other situations, including diseases that are resistant to antibiotics or vaccines.  In each 
case, the traits passed down from the ancestor determine the ability of the descendants to adapt to a 
new environment (that includes disinfectant, hand sanitizer, or antibiotics).  

When Darwin speaks of “descent with modification”, he is referring to the inherited traits that enable 
descendants to survive, which is the essence of natural selection.  Note that in the hand sanitizer 
and disinfectant example, there is a degree of randomness in how traits are passed down from one 
generation to the next.  The randomness or the lack of direction in the traits inherited by descendants 
clearly separates natural selection from artificial selection.  In the history of life, species with desirable 
traits that have enabled them overcome environmental obstacles, including predation, have continued 
through geologic time.  Those that have not inherited desirable traits and been unable to adapt have 
gone extinct.
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HOW DO PALEONTOLOGISTS DEVELOP EVOLUTIONARY HISTORIES?

Before we try to answer this question, it is instructive to first look at how biologists go about 
identifying relationships between species of organisms.  Systematics is a way of classifying organisms 
and determining phylogenetic relationships.  To start with biologists had to find a way to classify 
organisms.  Since the 18th century, biologists have used a system that was developed Linnaeus, a 
Swedish biologist.  Classification of life forms is based primarily on the body plan and the anatomy of 
the organism.  For example, sponges have a radial body plan, but lack organ systems.  Contrast this to 
sharks, which have a bilateral body plan (left side of the body is nearly identical to the right side of the 
body), a central nerve cord, and possess complex organ systems that function together to maintain the 
organism.  Since Linnaeus first proposed his classification system, it has been revised only a few times. 
The hierarchy going from broader to more narrowly defined categories looks like this:

TEACHING IN THE EXHIBITION

 

 

 
HOW DO PALEONTOLOGISTS DEVELOP EVOLUTIONARY HISTORIES? 

 
Before we try to answer this question, it is instructive to first look at how biologists go about 
identifying relationships between species of organisms.  Systematics is a way of classifying 
organisms and determining phylogenetic relationships.  To start with biologists had to find a way 
to classify organisms.  Since the 18th century, biologists have used a system that was 
developed Linnaeus, a Swedish biologist.  Classification of life forms is based primarily on the 
body plan and the anatomy of the organism.  For example, sponges have a radial body plan, but 
lack organ systems.  Contrast this to sharks, which have a bilateral body plan (left side of the 
body is nearly identical to the right side of the body), a central nerve cord, and possess complex 
organ systems that function together to maintain the organism.  Since Linnaeus first proposed 
his classification system, it has been revised only a few times. The hierarchy going from broader 
to more narrowly defined categories looks like this: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this classification system, one or more species are included within a genus; one or more 
genera make up a family; one or more families make up an order; one or more orders make up 
a class; one or more classes make up a kingdom; and finally, one or more kingdoms make up a 
domain. The scientific name given to each of the narrowest categories of organisms includes 
the name of the genus and the species.  For example the scientific name for the domestic cat is 
Felis catus.  The system Linnaeus developed does not take into account evolutionary 
relationships, but many of its features remain useful for systematics.   
 
 
Establishing Phylogenies from Fossil Remains 

  
Classification Level 

Domestic Cat Example 

Domain Eukarya (Broadest Category) 

Kingdom Animalia 

Phylum Chordata 

Class Mammalia 

Order Carnivora 

Family Felidae 

Genus Felis 

Species catus (Narrowest category) 

 
In this classification system, one or more species are included within a genus; one or more genera 
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more classes make up a kingdom; and finally, one or more kingdoms make up a domain. The scientific 
name given to each of the narrowest categories of organisms includes the name of the genus and 
the species.  For example the scientific name for the domestic cat is Felis catus.  The system Linnaeus 
developed does not take into account evolutionary relationships, but many of its features remain 
useful for systematics.  



Establishing Phylogenies from Fossil Remains
Once the fossil remains have been examined and the organism they belonged to has been given 
a scientific name, paleontologists seek to locate where in the phylogenetic tree (the tree of life) 
the organism fits.  They first turn to the anatomy of the organism and compare it to anatomy of 
other similar organisms.  This is because only the hard parts of an organism have been preserved 
as a result of fossilization.  In some cases, trace fossils are the only evidence of ancient life that is 
available.  Trace fossils include tracks, trails, resting places, and burrows of ancient life forms that have 
been preserved in the rocks.  Organisms that possess similar anatomical features that result from a 
common ancestry are called homologous structures.  A good example of homologous structures 
is the forelimbs of vertebrates.  In humans, the humerus bone attaches to the shoulder joint.  At the 
end of that bone is the elbow and below the elbow there are two bones (the ulna and radius).  The 
wrist is made up of a collection of small bones called the carpals and below that are the bones of the 
hand (the metacarpals) and the finger bones (the phalanges).  This same sequence of bones can be 
found in the cat, the whale, and the bat.  The forelimbs serve entirely different functions in each of 
these vertebrates: the cat uses it as a means of locomotion, the whale, a flipper, and the bat, a wing.  
Note that the same structure is used for a different purpose in each vertebrate, which brings up an 
important observation: as life forms develop over time, nature tends to repurpose structures when a 
change in purpose benefits the survival of that organism.

Paleontologists also develop information by other means that can be used to evaluate phylogeny 
based on anatomy, such as using models to assess flight in certain tetrapod dinosaurs.  In some 
cases, interpretation of animal behavior from trace fossils or actual remains provides insights that 
can be used to identify ancestors.  In the case where only trace fossils exist, paleontologists compare 
the traces to the traces left by modern animals, sort of the trace fossil equivalent of homologous 
structures. 

The geographic distribution of organisms can also provide clues on how organisms evolve from an 
ancestor.  Earth’s surface has not always looked the way it does today.  From plate tectonics we know 
that the land masses we identify as continents today were at one time joined into one supercontinent, 
Pangea.  The breakup of Pangea would have caused populations to separate and hence evolve 
following different paths through time.  During his voyage aboard the Beagle, Darwin observed that 
the animals he saw in South America looked nothing like the organisms he saw in Europe.  The animals 
he and other explorers observed in Australia are unlike any in the other continents of the world.  
The unique collection of marsupials (kangaroos and koalas) evolved in isolation after the Australian 
landmass separated from the other continents millions of years ago.

In some instances, molecular biology is providing additional information that paleontologists use to 
look at phylogenetic relationships.  Analysis of DNA (deoxyribonucleic acid) and RNA (ribonucleic 
acid) provides information on the molecular history of evolution of more geologically recent life forms.  
Molecular biology provides strong evidence for Darwin’s hypothesis that all life forms are related.  
All forms of life possess DNA and RNA that eventually passed on from one generation to the next.  
Similarities in the genetic code between organisms suggest a common ancestor. 

TEACHING IN THE EXHIBITION



ARE BIRDS MODERN DINOSAURS?

Since publication of Darwin’s On the Origin of Species by Means of Natural Selection, scientists have 
generally accepted the idea that birds are descended from dinosaurs.  Darwin was the first to put forth 
the Archaeopteryx as the most likely ancestor of birds.  He did so on the basis that the fossil extracted 
from the Solenhofen Limestone in Germany exhibited characteristics found in dinosaurs and birds.  
The fossil he described had a long lizard-like tail and wings with claws and feathers.  Archaeopteryx 
as the ancestor of birds was generally accepted by vertebrate paleontologists until later in the 20th 
century when the remains of other dinosaur-birdlike creatures were discovered in other parts of the 
world.  It is now believed that Archaeopteryx, a creature from the Late Jurassic Period is actually a 
transitional form in the evolutionary path from dinosaur to bird.  Thus, the as-yet-unknown ancestor to 
birds must have existed during the earlier part of the Jurassic or perhaps the Triassic Period.

What are the relevant characteristics that identify vertebrates as birds?  Feathers designed for flight 
are obvious features and some transitional forms possess these.  The skeletal features of birds are 
also designed for flight.  Limb bones are hollow and thin-walled.  Braces and struts in the long 
bones of birds provide structural support.  The long bones are also pneumatic, which means that 
they supplement the lungs of birds in unique ways.  The pneumatic feature of the longs bones acts 
a a supercharger that increases the efficiency of respiration and as a cooling system for fast avian 
metabolism.  A second unique feature is that the bones that make up the hind limb, pelvis, sacrum, 
and skull are all fused together to make more rigid structures.  Modifications have also been made 
to make the forelimb structures that form wings.  These modifications provide structural support and 
stability during flight. 

How are these characteristics expressed in the dinosaur-bird transitional fossils that have been 
recovered so far? Archaeopteryx has many of the features of small, theropod dinosaurs.  It was about 
the size of a medium-sized bird, such as a crow or pigeon.  It’s skull had teeth and very few of its 
bones were fused together.  The hollow limb bones were thick-walled and lacked the pneumatic 
characteristics of similar bones in birds.  Archaeopteryx lacked a sternum which is found in birds, 
but did have fused clavicles like birds.  The pelvis was like that of a bird, but itched a long, bony tail, 
unlike any bird.  The forelimb of Archaeopteryx was dinosaur-like, but its hindlimb was very bird-like.  
It apparently had claws that were adapted to tree-climbing.  The structure and arrangement of the 
feathers were bird-like.  Taken together, these similarities and differences suggest that Archaeopteryx 
was a feathered dinosaur.

Other possible candidates for ancestor to birds include the maniraptorans and the archosaurs.  Small, 
bird-like theropods, the dromaeosaurs, had asymmetrical feathers, like birds, but were apparently 
flightless.  Fossils of these animals have been recovered from Early Cretaceous lake beds in China.  
Remains of another maniraptoran, Scansoriopteryx, have been recovered from Middle Jurassic 
deposits and has been proposed by some paleontologists as the likely ancestor of birds.  Fossils of 
this creature possess feathered wings and arms and feathered hind wing, which may have allowed it 
be a tree-climbing, four-winged glider that could be an ancestor of Archaeopteryx.  

TEACHING IN THE EXHIBITION



Specific to the Exhibit
Darwin and Dinosaurs: http://darwinanddinosaurs.com/
This site contains a guide and docent script that was created for the exhibition at the Jacksonville 
Museum of Science and History.

Nature of Science
Teaching the Nature of Science: http://www.indiana.edu/~ensiweb/lessons/unt.n.s.html
This site provides a sample unit plan for high school biology.

Nature of Science Lessons: http://www.indiana.edu/%7Eensiweb/natsc.fs.html
This website from the Evolution and Nature of Science Institutes contains a catalogue of accessible 
activities on the nature of science suitable for middle and high school.

The Cube of Inquiry: https://www.uen.org/lessonplan/view/37444
This activity is great for introducing students to the idea of how scientists use observations to draw 
inferences about what cannot be observed.

Your Inner Fish (Episode 1) video with Neil Shubin: https://www.youtube.com/watch?v=E8ttoKGxEKc
Episode 1 of the 3 of the PBS documentary, titled Your Inner Fish.  Good source of information on 
the Nature of Science and on the new research in evolutionary and developmental biology that is 
providing insight into how fish became land animals.

Evolutionary Theory
Howard Hughes Medical Institute Science Education Materials: http://www.hhmi.org/educational-
materials
This site contains activities, videos, models, simulations primarily directed toward the biosciences.  
Check out the Origin of Species section of the site and you will find a wide variety of materials for use 
in teaching evolutionary theory.

Earth Science
Geology, Kansas Geological Survey: http://www.kgs.ku.edu/General/geologyIndex.html
This website contains general information on the geology of the Kansas side of the Kansas City region.

The Paleontology Portal: http://paleoportal.org/
The website contains links to educational resources, fossil collections, images of fossils, educational 
resources, geologic time scale, and other information.

Paleogeography and Geologic Evolution of North America http://jan.ucc.nau.edu/~rcb7/nam.html
This site presents Google Earth-like images that depict how the North American continent has evolved 
through geologic time.

American Geological Institute: http://www.agiweb.org/
This website has links to activities, texts, and images that pertain to geology and landscape features.

RESOURCES BEFORE AND AFTER YOU VISIT



US Geological Survey Education: https://education.usgs.gov/
The Survey website contains general information on geoscience and links to specific publications and 
websites that deal with Earth science education.

Vertebrate Paleontology
The Great Fossil Find: http://www.indiana.edu/%7Eensiweb/lessons/gr.fs.fd.html
A great resource for grade 7-10 science teachers.  The focus is on a simulated dig to retrieve the fossil 
remains of a dinosaur.  The hands-on activity is taught over a five-day period.  Also provides good 
material to continue the discussion of the nature of science.

How Dinosaurs Shrank and Became Birds: https://www.scientificamerican.com/article/how-dinosaurs-
shrank-and-became-birds/
An article from Scientific American that provides an overview of new research on the question of birds 
as modern dinosaurs.

Dinosaurs and Birds: https://www.thoughtco.com/dinosaurs-and-birds-4133372
This website contains a number of articles related to birds as modern dinosaurs.

Paleocave Blog: Why are birds dinosaurs: http://paleocave.sciencesortof.com/2013/06/why-are-birds-
dinosaurs/
A short, very readable article on the topic.

Mary Anning
Walker, Sally M., 2000, Mary Anning: fossil hunter: Carlrhoda Books, 64 p. 1575054256 (ISBN13: 
9781575054254).  A biographical sketch suitable for young readers.

Tracy Chevalier, 2010, Remarkable creatures: a novel: Penguin Books, 352 p.
This is an historical novel that follows the story of two extraordinary 19th century fossil hunters, Mary 
Anning and Elizabeth Philpotts, who changed the scientific world forever.

RESOURCES BEFORE AND AFTER YOU VISIT



Hutton’s idea, reformulated by Lyell, is that the natural processes we observe today are the same ones 
that have operated throughout Earth history (the uniformitarianism principle).  How did this principle 
influence intellectual thought of the time?

Prior to Hutton’s writings, the main scientific idea that dominated Western intellectual thought was that 
the Earth was only about 6,000 years old.  Accordingly, the presence of marine fossils in sedimentary 
rocks could be explained by a flood that covered the Earth.  Mountain ranges and deep canyons were 
explained as the result of sudden, short-term, violent events that shaped the rocks that had been 
deposited after the flood.  Hutton’s idea (the principle of uniformitarianism) challenged the young age 
of the Earth.  He observed that the rate of change in most natural environments is small in comparison 
to the scale of change we observe in the rock record.  He reasoned that if the observed rate of change 
produced by natural processes is the same as it was in in the past, then surely the Earth must be much 
older than previously thought. 

Next Generation Science Standards
2-ESS1-1, 4-ESS1-1, 4-ESS2-1, MS-ESS2-2, HS-ESS1-5, HS-ESS2-1

When the skeletal remains of dinosaurs and marine reptiles were first discovered by collectors, why 
were these artifacts problematic in how scientists of the time, including Darwin, viewed the tree of 
life?

Up through the first half of the 19th century, scientists commonly held the view that species were 
perfect when they were created at the time the Earth came into being, 6,000 years ago, and did not 
experience change throughout the planet’s history.  As a result, it was puzzling to discover the remains 
of organisms that did not match any of the organisms that were alive at that time.  This implied that 
some life forms could become extinct, which did not fit with the current understanding of the time. 

Next Generation Science Standards
MS-LS4-1, MS-LS4-2, HS-LS4-1, HS-LS4-5

How does Hungry Birds help us better understand how natural selection works?

Simulations are important tools that scientists use to test their ideas and portray their understanding 
of the natural world for non-scientists. Using game technology Hungry Birds simulates the role of 
adaptation in the natural selection process, using a scenario built around predator-prey relationships.  
The scenario is constructed around actual events in history.  At the height of of the industrial revolution 
in mid-19th century Britain, so much coal was being burned that it covered all surfaces, including the 
trees with soot.  The game setting in the first half is a forest of white trees and in the second half, a 
forest of black, soot-covered trees.  There are two kinds of prey: white- and dark-colored moths.  Each 
player is a hungry bird and the game objective is to pick off and eat as many black and white moths as 
possible in sixty seconds.  Players discover that it is easier to catch dark-colored moths than white in 
the first section of the game and white moths, in the second.  The game illustrates how environmental 
change tends to selectively favor the survival of one variety of moth over another.   

Next Generation Science Standards
1-LS1-1, 3-LS4-2, 3-LS4-3, 3-LS4-4, MS-LS4-4, HS-LS4-5

ESSENTIAL QUESTIONS



What did Darwin observe on his trip around the world that later helped him develop his ideas about 
evolution?

Darwin was a keen observer of the natural world and filled many notebooks with descriptions and 
drawings based on what he saw and experienced.  By journey’s end back in England, he had collected 
thousands of plants, animals, and fossils.  Many of these observations that provided evidence in 
support of evolution by natural selection were made during his trips on the Galapagos islands and 
into the interior of South America.   

On the Galapagos islands, he found iguanas basking on dark lava rocks.  He observed that their 
webbed feet and flattened tail enabled them to swim in the ocean and feed on marine algae, their 
primary food source.  He also found two distinct varieties of long-necked, giant tortoises: one with a 
dome-shaped shell and one with a saddle-shaped shell. He observed that tortoises with the dome-
shaped shell could not reach very high because the shape of the shell prevents their neck from 
angling upwards.  Those with a saddle-shaped shell could reach higher because of the shape of their 
shell allowed their necks to angle up and reach food easily. Tortoises with a dome-shaped shell are 
found on islands with lush highlands where there is plenty of food on or near the ground. Tortoises 
with a saddle-shaped shell are found on more scrubby islands where the tortoises have to reach 
higher to eat the vegetation.  Darwin realized what this meant: They were evolving slight differences 
in the shape of their shell based on the small environmental differences among the islands.  Similarly, 
Darwin also observed anatomical differences among the finches in the islands that could be attributed 
to differences in the food sources that were available on each of the islands.  He also observed the 
blue-footed booby that on land has an awkward or foolish appearance (hence, the name).  He noted 
that in the ocean, the bird’s webbed feet, stream-lined shape, large tail, and specialized salt-excreting 
glands enabled the bird to be better adapted to a life in the water than on land.

While on his voyage, Darwin read two of the three volumes of Charles Lyell’s newly published book, 
Principles of Geology.  In Chile, he witnessed an earthquake that raised the nearby coastline almost a 
meter.  Later, he found marine fossils high in the Andes Mountains.  In his mind, the uplifted coastline 
and the occurrence of marine fossils so far above sea level reaffirmed the uniformitarianism principle 
that natural forces gradually reshape Earth’s surface acting over long periods of time.  This means the 
Earth must be much older than 6,000 years.

These and other observations formed the basis for two statements that captured the essence of what 
he had seen on the voyage.  The first is: members of a population often vary in their traits and most 
traits are inherited from parent to offspring.  The second is: all species are capable of producing 
more offspring than the environment can support.  From these two general statements, he made 
two inferences that form the basis for his concept of natural selection.  The first is: individuals whose 
inherited traits give them a higher probability of surviving and reproducing in a given environment 
tend to leave more offspring than other individuals.  The second is: this unequal production of 
offspring will cause favorable traits to accumulate in a population over generations.  

Contained within these statements and inferences is Darwin’s thesis that a connection exists between 
the capacity of organisms to overproduce offspring and the process of natural selection.  He reasoned 
that the overproduction of offspring in an environment with limited resources would result in a 
struggle for existence with only some offspring surviving to produce the next generation.  Natural 
selection is a random process that happens because survival depends on the individual offspring 
possessing favorable traits that would allow it to thrive in its environment and pass on those traits to 
the next generation.

ESSENTIAL QUESTIONS



What did Darwin observe on his trip around the world that later helped him develop his ideas about 
evolution? Cont.

The older age of the Earth provided a key underpinning in how he thought about natural selection.  
By the mid 19th century, humans had been selectively breeding animals and plants for many 
generations.  Darwin referred to the breeding process as artificial selection.  Artificial selection is done 
to produce organisms with desirable traits and brings about a great deal of change in a species or 
creates hybrids over a relatively short period of time.  In contrast, Darwin felt that natural selection is an 
undirected, random process that takes place over many hundreds or thousands of generations.  Thus, 
he concluded that the old age of the Earth allowed the process of natural selection to take place over 
significant spans of geologic time and explains why some species become extinct.  

Next Generation Science Standards
K-LS1-1, K-ESS2-1, 2-LS4-1, 2-ESS1-1, 3-LS3-2, 3-LS4-1, 3-LS4-2, 3-LS4-3, 3-LS4-4, MS-LS4-1, MS-LS4-2, 
HS-LS4-1, HS-LS4-5

How did sailors and explorers in unfamiliar places determine their location in the mid 19th Century?

To find your position on the Earth you need to know the latitude and longitude of your location.  
Before geopositioning satellites were in orbit, locations were generally determined using two 
chronometers and a sextant.  The Earth completes one rotation on its axis in 24 hours.  This means 
that the Earth rotates through 15o of longitude every hour.  The 0 degrees longitude meridian passes 
north to south through Greenwich, England.  A chronometer is a very accurate clock.  It was set for 
local time at Greenwich before the start of the voyage.  Once the ship was out of port and moving 
across the globe, local time was kept by another chronometer onboard the ship.  By comparing the 
local noon time (when the Sun is at it highest point above the horizon) with Greenwich time, the 
Longitude could be calculated.  For example, if the time at Greenwich, England was 7:00 PM, at the 
local noon time.  Then, the longitude of the location where the times were compared is 105o West 
Longitude (7 hours X 15o per hour). The sextant was used to determine the angle of the Sun above 
the horizon (the azimuth) also at local noon time.  The measured angle could then be used to calculate 
the latitude.  For example, if a measurement of 66.5o was made on June 21, then the location would 
be along the Equator (90o - 66.5o + 23.5o = 47o North Latitude).  With these calculations, the position 
of a ship on the ocean could be determined at least once a day.  A similar procedure could be done 
using the angle of Polaris (the North Star) above the horizon to determine latitude.  

Next Generation Science Standards
5-ESS1-2, MS-ESS1-1 

ESSENTIAL QUESTIONS



What is the evidence that allowed paleontologists to conclude that birds are the modern descendants 
of dinosaurs?  Is there evidence contradicting this conclusion?

It has long been thought that birds descended from dinosaurs.  Darwin commented on the connection 
between these two groups in The Origin of the Species:

 Not long ago, paleontologists maintained that the whole class of birds came suddenly into
 existence during the eocene period; but now we know, on the authority of Professor Owen, that
 a bird certainly lived during the deposition of the upper greensand; and still more recently that
 strange bird, Archaeopteryx, with a long lizard-like tail, bearing a pair of feathers on each
 joint, and with its wings furnished with two free claws, has been discovered in the oolitic slates
 of Solenhofen.

Up until the last few decades, most paleontologists believed that the ancestor of birds was the 
Archaeopteryx.  Like birds, it had feathers along its arms and a tail, but unlike modern birds, it had 
teeth and a tail that was long and bony.  Many of the bones in Archaeopteryx’s hands, shoulder girdles, 
pelvis, and feet were distinct, not fused and reduced as they are in living birds.  Many paleontologists 
now think that this reptile was an intermediate form between the ancestor and bird. The apparent 
ancestor to birds came from one of the species of theropod dinosaurs.  Theropod dinosaurs lived 
starting Jurassic Period and their existence ended at the end of the Cretaceous Period (from 201 
million years ago to 65 million years ago).  Current thinking is believed that theropod ancestor of birds 
lived during in the later part of the Cretaceous Period.

https://nhm.org/site/research-collections/dinosaur-institute/dinosaurs/birds-late-evolution-dinosaurs

Three different lines of evidence support the conclusion that theropods are the ancestors of modern 
birds.  Dinosaurs are reptiles and reptiles do not 
have a way of internally regulating body temperature 
(cold-blooded).  If so, then dinosaurs used feathers 
to help insulate and keep body heat in.  Discovery of 
fossil remains showing an adult protecting its eggs 
in a nest is the first behavioral evidence of brooding.  
Feathers may have also facilitated brooding 
behavior in adults, also a common behavior among 
birds.  Some of the theropods, the oviraptorosaurs, 
possessed new types of feathers that are identical in 
shape and structure to the feathers of modern birds.  
Another line of evidence comes from changes the 
structure of the arms and hands of some theropods 
over time.  Theropods have hands with small fourth 
and fifth digits and along second digit.  As the 
lineage progressed over time, they lost the fourth 
and fifth digits, the wrist bones underlying the first 
and second digits consolidated and took on a form 
that allowed the hand to rotate sideways against the 
forearm.  This eventually allowed bird wing joints to 
move in a way that creates thrust for flight.

ESSENTIAL QUESTIONS



What is the evidence that allowed paleontologists to conclude that birds are the modern descendants 
of dinosaurs?  Is there evidence contradicting this conclusion? Cont.

Other skeletal modifications would have made early birds more efficient in flight.  These include 
making the skeleton lighter by reducing the thickness of the bone walls smaller, making the feathers 
used in flight longer and asymmetrical, reducing the bony tail to a stump, and using the tail feathers 
to improve stability and maneuverability in flight.  Other modifications include: making the wishbone 
stronger and more elaborate to provide structural support, connecting the breastbone to the bones of 
the shoulder girdle in order to anchor the flight apparatus of the forelimb, enlarging the breastbone 
and evolving a central keel in order to anchor flight muscles, lengthening of the arms, and loss of 
teeth.  It is believed that these modifications would have allowed the earliest birds to fly taking off from 
the ground. 

Recent research raises a number of issues with the idea that birds descended from ground-dwelling, 
theropod dinosaurs.  In one study, the possible flight potential of a “microraptor” was assessed using a 
physical model constructed from an unusual fossil specimen discovered in 2003.  Tests of the model’s 
potential for flight were conducted under laboratory conditions varying the hindwing morphology of 
this four-winged raptor model.  The test results revealed that this small, feathered species must have 
been a glider, flying from tree to tree, but lacking the thrust needed to power flight from the ground.  
The four-winged creature on the ground would have been easy prey because of its inability to avoid 
easy capture.  The authors of the research suggest that raptors may have been the ancestors to some 
of the dinosaurs.  The basis for this suggestion is that raptors have more in common with birds than 
they do with theropod dinosaurs.

Thermoregulation or the ability to regulate dinosaur body temperature is also an issue that needs 
further investigation.  Birds are warm-blooded animals that regulate their body temperature within 
narrow limits.  Historically, dinosaurs were considered to be cold blooded because they are reptiles.  
Cold-blooded animals cannot regulate their body temperature internally and must rely external 
sources of heat, such as sunlight.  Some paleontologists claim that dinosaurs were more likely warm-
blooded than cold-blooded.  Recent research suggests that dinosaurs may have been at the least 
intermediate between warm and cold blooded.  If the dinosaurs were intermediate between warm 
and cold blooded, when in their evolutionary path to birds did they become warm blooded?  There is 
currently insufficient data to determine when this occurred.

Next Generation Science Standards
MS-LS4-2, HS-LS4-1, 

ESSENTIAL QUESTIONS



NEXT GENERATION SCIENCE STANDARDS

Elementary 
K-LS1-1  Use observations to describe patterns of what plants and animals (including humans) need to survive. 
K-ESS2-1  Construct an argument supported by evidence for how plants and animals (including humans) can change the 
environment to meet their needs. 
K-ESS3-2  Ask questions to obtain information about the purpose of weather forecasting to prepare for, and respond to, 
severe weather.* 
1-LS1-1  Use materials to design a solution to a human problem by mimicking how plants and/or animals use their external 
parts to help them survive, grow, and meet their needs.
2-LS4-1  Make observations of plants and animals to compare the diversity of life in different habitats.
2-ESS1-1 Make observations from media to construct an evidence-based account that Earth events can occur quickly or 
slowly. 
3-LS3-2  Use evidence to support the explanation that traits can be influenced by the environment. 
3-LS4-1  Analyze and interpret data from fossils to provide evidence of the organisms and the environments in which they 
lived long ago. 
3-LS4-2  Use evidence to construct an explanation for how the variations in characteristics among individuals of the same 
species may provide advantages in surviving, finding mates, and reproducing. 
3-LS4-3  Construct an argument with evidence that in a particular habitat some organisms can survive well, some survive 
less well, and some cannot survive at all. 
3-LS4-4  Make a claim about the merit of a solution to a problem caused when the environment changes and the types of 
plants and animals that live there may change.
4-ESS2-1  Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion 
by water, ice, wind, or vegetation. 
3-ESS2-2  Obtain and combine information to describe climates in different regions of the world. 
4-ESS1-1  Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation for 
changes in a landscape over time.
5-ESS1-2  Represent data in graphical displays to reveal patterns of daily changes in length and direction of shadows, day 
and night, and the seasonal appearance of some stars in the night sky. 

Middle School
MS-LS4-1  Analyze and interpret data for patterns in the fossil record that document the existence, diversity, extinction, and 
change of life forms throughout the history of life on Earth under the assumption that natural laws operate today as in the 
past. 
MS-LS4-2  Apply scientific ideas to construct an explanation for the anatomical similarities and differences among modern 
organisms and between modern and fossil organisms to infer evolutionary relationships. 
MS-LS4-4  Construct an explanation based on evidence that describes how genetic variations of traits in a population 
increase some individuals’ probability of surviving and reproducing in a specific environment.
MS-ESS1-1  Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases, 
eclipses of the sun and moon, and seasons. 
MS-ESS2-2  Construct an explanation based on evidence for how geoscience processes have changed Earth’s surface at 
varying time and spatial scales.  
MS-ESS2-5  Collect data to provide evidence for how the motions and complex interactions of air masses results in 
changes in weather conditions.

High School
HS-LS4-1  Communicate scientific information that common ancestry and biological evolution are supported by multiple 
lines of empirical evidence. 
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.
HS-ESS1-5  Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of plate 
tectonics to explain the ages of crustal rocks. .
HS-ESS2-1  Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and 
temporal scales to form continental and ocean-floor features. 

CORRELATION TO STATE STANDARDS



EXHIBITION KEY


