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Out of the Ashes: Dawn of the Age of Mammals 

OVERVIEW 

The short film Out of the Ashes: Dawn of the Age of Mammals explores how life on Earth recovered after the 
Cretaceous-Paleogene (K–Pg) asteroid impact, which caused the extinction of the non-avian dinosaurs, and how 
those events led to the diversity of plants and animals today. The film also discusses the fossil record and how it 
helps scientists understand the evolution and diversity of life on our planet.  

This document contains multiple resources for using the film with students, including the following (click links to 
go directly to each section): 

• specific pause points for the film with content summaries and questions (answers provided at the end of this
document)

• general teaching tips and discussion points for the film
• an answer key for the accompanying “Student Handout”
• an appendix that provides more background on the science in the film

Additional information related to pedagogy and implementation can be found on this resource’s webpage, 
including suggested audience, estimated time, and curriculum connections.  

KEY CONCEPTS 

• The Cretaceous–Paleogene (K–Pg) asteroid impact led to the mass extinction of 60%–80% of all species on
Earth, including all non-avian dinosaurs.

• As Earth recovered after the K–Pg mass extinction, plants and animals coevolved in ecosystems once
occupied by dinosaurs, leading to the current diversity of life on Earth.

• The fossil record provides evidence of how life recovered and diversified after the K–Pg mass extinction.
• Both professional scientists and other people interested in science can collaborate to collect scientific

evidence about Earth’s history.

STUDENT LEARNING TARGETS 

• Describe evidence for how the K–Pg asteroid impact led to widespread ecosystem changes that resulted in
the extinction of many species, including all the non-avian dinosaurs.

• Describe how after the asteroid impact, plant and animal species (especially mammals) evolved and
diversified.

• Interpret graphs and data from the fossil record to explain the ecological changes and diversification that
occurred after the K–Pg mass extinction.

• Use knowledge of the ecological roles of organisms (such as decomposers, protein-rich plants, or generalist
feeders) to infer past evolutionary processes.

PRIOR KNOWLEDGE 

Students should have a basic understanding of: 
• the fossil record and how it provides evidence for the evolutionary history of life on Earth
• the principle of superposition: for a given sequence of sedimentary rock layers, lower layers are older, and

higher layers are younger (i.e., they were deposited later)
• how geological processes have changed Earth’s surface at varying time and spatial scales

https://www.biointeractive.org/classroom-resources/out-ashes-dawn-age-mammals
https://www.biointeractive.org/classroom-resources/activity-out-ashes
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PAUSE POINTS 

The film may be viewed in its entirety or paused at specific points to review content with students. The table 
below lists suggested pause points, indicating the beginning and end times in minutes in the film. Terms not 
mentioned in the film are indicated in bolded italics. Answers for the discussion questions are provided in 
Appendix 2, at the end of this document. 

Before watching the film, have students share their ideas about what life was like before and after the extinction 
of the non-avian dinosaurs, what mammals were like before the extinction, and what role plants might have 
played in the evolution of mammals. This may set up a “need to know” as students watch the film.  

Begin End Content Description Discussion Questions 
1 0:00 3:18 • About 66 million years ago, an asteroid

struck Earth, blasting debris into the
atmosphere.

• Some debris rained down, causing
wildfires. Some debris remained in the
atmosphere, blocking sunlight for years.

• The reduction in sunlight caused Earth’s
temperature to drop over 20°C and
severely reduced photosynthesis.

• The reduction in photosynthesis led to a
mass extinction (K–Pg mass extinction)
in which about 75% of all plant and
animal species went extinct.

• Animals that survived extinction
tended to be small, live in the water,
or burrow underground.

• The time period following the mass
extinction shaped what life looks like
today.

• What traits might have been
advantageous for animals after the
asteroid impact, and why?

• What types of animals survived after
the asteroid impact, and why?

• What types of modern-day animals do
you think could survive after an
asteroid impact (in particular, the
reduction in sunlight)?

• How do you think the asteroid impact
affected food chains and ecosystems
in the ocean?

• Predict the types of organisms that
might be found in fossils after the
asteroid impact.

2 3:19 6:42 • Fallout from the asteroid left a thin clay
layer (K–Pg boundary), which marks
the boundary between the geologic
time periods before and after the
asteroid impact.

• Scientists study fossils above the K–Pg
boundary to learn how life recovered
after the asteroid impact.

• One way to study fossil plant diversity
is to look at fossilized pollen and spores
preserved within rocks.

• Large amounts of fossilized fungal
spores above the K–Pg boundary
indicate a period of decay after the
asteroid impact.

• Large amounts of fossilized fern spores
in layers above (younger than) those
with fungal spores indicate the
beginnings of an environmental
rebound.

• According to the film, what is found
above the K–Pg boundary?

• How are fossilized pollen and spores
helpful for understanding past
environments?

• Why were there so many fungal
spores right after the asteroid impact?

• What other examples do you know of
that involve plant or animal life
recovering after a natural or human-
made disaster?

• Why might it be difficult to find animal
fossils, especially ones with complete
skeletons?
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• Fossil evidence suggests that
ecosystems dominated by ferns were
eventually replaced by palm forests.

• By about 300,000 years after the
asteroid impact, plant diversity had
largely rebounded, providing food and
habitats for diversifying animal
populations.

3 6:43 11:34 • Fossils of animals after the K–Pg mass
extinction are usually rare. They are
mostly of teeth and bone fragments.

• Fossils may be found inside rocks called
concretions, which can form around
organic material and protect the fossils
for millions of years.

• At a site called Corral Bluffs, scientists
discovered many concretions
containing animal fossils from after the
K–Pg mass extinction. The fossils
suggest that plants and animals
evolved together during this time
period.

• The teeth of fossilized animals can be
used to determine their diets. Based on
their teeth, many mammals after the
K–Pg mass extinction were probably
generalists (ate both meat and plants).

• What is unique about the concretions
found at Corral Bluffs, and why is this
important to scientists?

• What can we learn about an animal
from studying its skull/teeth?

• What does it mean for an animal to be
a “generalist” in terms of diet? What
might the presence of such animals
tell us about an ecosystem?

• What are some modern-day species
that are generalists in terms of diet?

• The film focuses on plants and animals
on land. What do you think happened
to the plants and animals in the
oceans after the asteroid impact?
What types of evidence might show
how marine species recovered and
diversified?

4 11:35 16:10 • Within 700,000 years after the K–Pg
mass extinction, specialists also
emerged. They included large plant-
eating animals (herbivores).

• During this time, mammals reached
unprecedented body sizes. Some
mammal species were larger than any
mammal species before the mass
extinction.

• Larger mammal body sizes may have
been facilitated by the appearance of
legumes, plants that provided a new
high-protein food source.

• What does it mean for an animal to be
a “specialist” in terms of diet? What
might the presence of such animals
tell us about an ecosystem?

• What are some modern-day animal
species that are specialists in term of
diet?

• What is a legume? What are some
modern-day examples of legumes?

• Who discovered the oldest fossil
legume in the film?

• Why was the appearance of legumes
significant for early mammals?

BACKGROUND 

Sixty-six million years ago, an asteroid struck Earth. It triggered a global mass extinction that wiped out 60%–
80% of all species, including many of the dinosaurs that had previously dominated the continents and much of 
the life in marine ecosystems.  

The film follows paleontologists as they discover an extraordinary fossil site near Denver, Colorado, and uncover 
fossils from the first million years after the mass extinction. The site, called Corral Bluffs, is globally unique in the 
number and quality of preserved vertebrate fossils, including mammals, turtles, and crocodilians. The fossils 
from Corral Bluffs, combined with discoveries from other sites, have allowed scientists to piece together how 
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ecosystems gradually recovered and changed after the asteroid impact. This research reveals how the 
coevolution of plants and animals filled the ecosystems left largely empty by the extinction of non-avian 
dinosaurs.  

Additional information on the science in the film is provided in Appendix 1. 

DISCUSSION POINTS 

• The film is titled “Out of the Ashes.” Ask students what they currently think of as “ashes” in the context of
an asteroid impact. How did the impact create “ashes” and other debris? (More information can be found in
“The Asteroid Impact” section of Appendix 1.)
o BioInteractive has several resources that further explore the asteroid impact and its debris, including the

card activity “Finding the Crater” and the data analysis activity “Chemical Signatures of Asteroid
Impacts.”

o The reading activity “Distribution of Elements in Earth’s Crust” provides more general background on
the elements found in planets and asteroids.

• Students may be familiar with the concept of ecological succession, the change in species composition in an
area over time due to interactions within and among populations and the abiotic environment.
o Ask students to compare and contrast ecological succession with the interactions among species that led

to change in species composition described in the film. Emphasize the theme of scale. Ecological
succession typically takes place over tens to hundreds of years, whereas the changes described in the
film took place over hundreds of thousands of years. These long-term recoveries after a mass extinction
are referred to as Earth system succession.

• Although the film focuses on terrestrial ecosystems and says animals that “lived in the water” tended to
survive, the asteroid impact also heavily impacted marine ecosystems. Have students compare terrestrial
and marine ecosystems and how they may have responded to the asteroid impact. For example:
o How do the primary producers in terrestrial ecosystems (plants) differ from those in marine ecosystems

(phytoplankton)? How would the reduction in sunlight after the asteroid impact have affected these
producers and their ecosystems?

o What types of marine species do you think went extinct during the K–Pg mass extinction? (More
information can be found in “The K–Pg Mass Extinction” section of Appendix 1.)

o Like terrestrial ecosystems, marine ecosystems experienced global, rapid species diversification after the
K–Pg mass extinction. How might the niches and corresponding species in the ocean have differed from
those on land?

• Many of the fossilized skulls at Corral Bluffs were found inside concretions. You may wish to discuss how
concretions form with students. (More information can be found in the “Fossils and Concretions” section of
Appendix 1.)
o The ancient floodplain sediments at Corral Bluffs are preserved today as sandstone and mudstone. Ask

students what they think is the difference between sand and sandstone, or mud and mudstone.
o You can simulate the process of forming sedimentary rocks by dribbling glue onto sand, then letting it

seep in and harden.
• The film shows that in the time period after the mass extinction, Corral Bluffs came to have palm forests,

which are usually found in tropical and subtropical climates. Ask students what they think Corral Bluffs’
climate is like today, based on the film. What changes do they think led to Corral Bluffs’ modern-day
ecosystem?
o This is similar to Questions 9–10 in the “Student Handout.”
o More information can be found in the “Corral Bluffs” section of Appendix 1. The image from

EarthViewer (Figure A3) in the appendix might also be helpful.
• The film can be used to start a discussion about the scale and processes of biological evolution. The film

shows diversification on a large scale: niches that opened up after the K–Pg mass extinction led to many

https://www.biointeractive.org/classroom-resources/finding-crater
https://www.biointeractive.org/classroom-resources/chemical-signatures-asteroid-impacts
https://www.biointeractive.org/classroom-resources/chemical-signatures-asteroid-impacts
https://www.biointeractive.org/classroom-resources/distribution-elements-earths-crust
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speciation events within mammals and other groups. The diversification of mammals was accompanied by a 
parallel increase in plant species richness which also created more niches over time. 
o Ask students to think about processes that drive diversification on a smaller scale, such as within a

population. This could include the evolutionary processes of natural selection and genetic drift, which
cause changes within populations over time.

• Early “archaic” mammals, called stem mammals or proto-mammals, were around since about 200 Ma, a
long time before the modern radiation of placental mammals after the asteroid impact. More information
can be found in the “Evolution of Mammals” section of Appendix 1.
o Ask students how they think that stem mammals would bear their young. Were they like marsupials? Or

did they produce and bury soft-shelled eggs like snakes, alligators, or turtles?

TEACHING TIPS 

To help set the context for the film, ask students what they think the largest mammals are today, both in the 
ocean (blue whales) and on land (elephants). Compare the sizes of these modern-day mammals to those of the 
mammals in the film. 

STUDENT HANDOUT 

The “Student Handout” is designed as a learning assessment that probes students’ understanding of the key 
concepts addressed in the film. It can be used before the film to assess students’ prior knowledge or during the 
film to guide students as they watch. You may modify the handout as needed (e.g., reducing the number of 
questions, adding explanations of vocabulary for English Language Learners, etc.) in order to better fit your 
learning objectives and your students’ needs. 

ANSWER KEY 

1. Corral Bluffs has many fossils from the first 1 million years after the asteroid impact. Use the film to
determine whether fossils of the following organisms have been found at Corral Bluffs. Write your answer
for each organism as “Yes” or “No” in the table.

Organism Found at Corral 
Bluffs? (Yes/No) 

Saber-toothed cat No 
Crocodile Yes 
Woolly mammoth No 
Turtle Yes 
Seal No 

2. Decide whether you could use fossils younger than 66 million years old to provide evidence for or against
each of the following claims. Write your decision for each claim as “Yes” or “No” in the table.

Claim Evidence from fossils 
younger than 66 million 
years old? 

Plant diversity increased after the asteroid impact. Yes 
The body sizes of mammals were more diverse after the asteroid 
impact. 

Yes 

Large and small non-avian dinosaurs competed for food sources 
before the asteroid impact. 

No 
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3. The mass extinction after the asteroid impact is called the K–Pg extinction event. According to the film, why
were fungal spores abundant after the K–Pg extinction event?
a. Higher oxygen levels after the K–Pg extinction event helped preserve fungal spores.
b. Fungi decomposed dead plants and animals after the K–Pg extinction event.
c. Mushrooms and other fungi were common in palm forest ecosystems.
d. The debris from the asteroid impact spread fungal spores around the world.

4. Which of the following plant types is often the first to return after natural disasters, such as volcanic
eruptions or wildfires?
a. algae
b. palm tree
c. cactus
d. fern
e. pine tree

5. The film describes the discovery of one of the earliest legumes in the fossil record. According to the film,
what did legumes provide that was so significant?
a. a protein-rich food source for early mammals
b. additional fur-growth vitamins to help early mammals survive winter
c. an alternative food source for non-avian dinosaurs when they couldn’t find prey

6. Who discovered the fossil of the oldest North American legume at Corral Bluffs?
a. a scientist on the fossil-hunting team
b. a graduate student doing research on fossils
c. a teenage student on a field trip
d. an elementary school teacher taking paleontology courses
e. a journalist writing a news story about Corral Bluffs

7. The four events below all happened within the first 1 million years after the K–Pg mass extinction. Put the
four events in order from earliest (most distant in time) to latest (more recent in time). Write your order
below using the letters A–D.
B (increase in fungi), D (replacement by ferns), A (growth of palm forests), C (appearance of legumes)

8. The fossils at Corral Bluffs provide evidence for a sudden, significant evolutionary development in the
history of mammals. Based on the film, which of the following best describes this development?
a. the appearance of the first horse-sized mammals
b. a relatively rapid increase in size and diversity of mammals
c. mammals returning to the oceans (e.g., seals, whales)
d. the appearance of the first carnivorous mammals

9. Based on Figure 1, describe what you think Corral Bluffs’ ecosystem is like today. For example, what type of
climate and plants do you think it has?
Student answers will vary depending on how they interpret Figure 1. They may say that Corral Bluffs looks
like a desert or mountain ecosystem. Not many plants are visible in the image, suggesting that plants may
be small or sparse. The lack of plants could suggest a lack of rain, poor soil, extreme heat or cold, etc.
Some students might also be aware that parts of Colorado are at high elevation. (For information on
Corral Bluffs’ actual ecosystem, see the “Corral Bluffs” section of Appendix 1.)
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10. Why do you think Corral Bluffs today (Figure 1) is so different from how Corral Bluffs probably was in the
past (Figure 2)? What factors might have changed over time, and how might they have affected the
ecosystem?
Student answers may vary; be open to a range of reasonable responses. Students may suggest various
reasons why Corral Bluffs no longer has palm trees, such as a decrease in rainfall, humidity, temperature,
etc. Students could also suggest changes in the characteristics of the palm trees themselves. For example,
although modern-day palms typically require hot, humid environments with lots of rain, perhaps the
palms in the past could grow in other habitats.

11. As shown in the film, many fossilized skulls were found at Corral Bluffs. Scientists have used the size of these
skulls to estimate the body masses of past animals. Table 1 compares body masses estimated from fossilized
mammal skulls to the dates of the fossils.
a. Plot data points from Table 1 on the graph.
b. Two key events occurred over this time period: the asteroid impact and the first appearance of legumes

(690,000 years after the impact). Add these two events as horizontal lines on the graph and label each
line.
An example graph for Parts a and b is shown below.

c. Summarize the patterns for body mass that you observe from the data in this graph. Consider the
mammals before vs. after each of the two key events from Part b.
Overall, the earlier mammals appear to have smaller body masses than the later mammals do. The
one mammal before the asteroid impact, and one immediately after, both have some of the smallest
body masses in this group. About 400,000 years after the impact, we start seeing some larger
mammals in addition to the smaller ones. About 700,000 years after the impact (which is around the
time that legumes appear), we see some of the largest body masses in this group. This may suggest
that the increase in body mass was related to the appearance of legumes.

d. Do you think all mammals became larger after the appearance of legumes? (Hint: Think about the sizes
of different mammals today.) Why might smaller mammals after this event be missing from the graph?
Mammals today come in many different sizes, so it’s likely that smaller mammals still existed even
after the appearance of legumes. The reason we don’t see smaller mammals after this event on the
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graph could be due to our limited data set. Table 1 doesn’t contain all the mammals from this time 
period — maybe because their skulls didn’t fossilize, haven’t been discovered yet, or simply weren’t 
included in the table. If we had more data, we might see more variety in the body masses.  
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APPENDIX 1: ADDITIONAL INFORMATION ON THE SCIENCE  

The Asteroid Impact 

Sixty-six million years ago (66 Ma), an asteroid estimated to be about 10 km (6 miles) across struck Earth in the 
vicinity of the Yucatán Peninsula, Mexico. This event marks the boundary between two geologic time periods: 
the Mesozoic Era (“the Age of Reptiles,” which included dinosaurs) and the Cenozoic Era (the “Age of 
Mammals,” which extends to the present day).  

The end of the Mesozoic was the Cretaceous Period (abbreviated as “K”), and the beginning of the Cenozoic was 
the Paleogene Period (abbreviated as “Pg”). As a result, the boundary in geologic time when the asteroid hit is 
called the Cretaceous–Paleogene (K–Pg) boundary. Note that some sources use K–T instead of K–Pg, where the 
“T” stands for “Tertiary.”  

When the asteroid struck Earth, most of its kinetic energy was converted to thermal energy that melted rock at 
the impact site and incinerated nearby vegetation, underwater reefs, and ocean life. The impact blasted much of 
the resulting ash, vaporized debris, and other aerosols into the atmosphere. It also triggered wildfires that 
created large amounts of soot. 

Some molten rock droplets in air later cooled and crystallized as small glass spheres (Figure A1) that fell back to 
Earth. Other aerosols remained in the atmosphere for decades to centuries, circulating around the globe. 

Fallout from the asteroid left behind a thin clay layer called the K–Pg boundary. Fossils in rock layers below 
(older than) the K–Pg boundary tend to be from before the asteroid impact. Fossils in rock layers above (younger 
than) the K–Pg boundary tend to be from after the asteroid impact. 

Figure A1. Small glass beads, also known as spherules or tektites, from the K–Pg ash layer in Wyoming. They are 
1–3 millimeters in diameter and found globally in the asteroid fallout debris at a number of sites. They help 
document the melting of rock upon asteroid impact, as well as the age of the impact at the K–Pg boundary.  

The K–Pg Mass Extinction 

The aerosols in the atmosphere blocked most sunlight from reaching Earth’s surface. This reduction in sunlight 
dramatically decreased photosynthesis, and thus primary productivity, in both terrestrial and marine 
environments.  



Out of the Ashes: Dawn of the Age of Mammals  

www.BioInteractive.org Published August 2021 
Page 10 of 14 

Film Activity 
Educator Materials 

Decreases in primary producers, such as plants and phytoplankton, had cascading effects throughout food webs. 
These led to a global mass extinction that wiped out 60%–80% of all species, including non-avian dinosaurs, 
large ammonites (cephalopods like squid and octopi), and gigantic marine reptiles (such as plesiosaurs and 
mosasaurs, which are shown in Figure A2).  

Figure A2. Fossils of a plesiosaur (left) and a mosasaur (right). 

The mass extinction opened up many ecological niches. As a result, the surviving species underwent a global, 
rapid diversification in both terrestrial and marine ecosystems, in what researchers call an ecological radiation. 
This broad diversification resulted in the reorganization of all ecosystems on the planet and led to the diversity 
of species that we see on Earth today.  

Note that although the time period after the asteroid impact, the Cenozoic Era, is sometimes called the “Age of 
Mammals,” diversification occurred across many groups of plants and animals, not just mammals. Mammals are 
of interest because they are the largest vertebrates today, but other groups, such as birds and lizards, have 
diversified even more. 

Corral Bluffs 

Corral Bluffs is a fossil site near Denver, Colorado. It contains a remarkable array of plant and animal fossils, 
ranging from 300,000 years before the K–Pg mass extinction to 1 million years after. These fossils provide 
evidence for how ecosystems changed during this critical time period.  

Today, Corral Bluffs has a dryland, temperate, high prairie ecosystem, with dry hills and sparsely distributed 
small shrubs and trees. However, around 65 Ma (1 million years after the asteroid impact), Corral Bluffs’ 
ecosystem was very different. At that time, the region was just above sea level and had river channels flowing 
from the west. As a result, Corral Bluffs was a river floodplain and had a subtropical climate and fan-leaf palm 
forests. The sediments from this ancient floodplain (sand and mud) formed the sandstone and mudstone 
present today.  

About 15–20 miles to the west of Corral Bluffs, the Rocky Mountains were emerging. They included erupting 
volcanoes, and the volcanic ash from the volcanoes was interlayered with the sediments on the floodplain. This 
is important because determining the age of floodplain sediments is very difficult. However, at Corral Bluffs, 
scientists have been able to determine the age of mineral grains in the volcanic ash layers, and thus the age of 
the surrounding sediments.  

The BioInteractive tool EarthViewer can be used to show the floodplain and the paleogeography of North 
America at the time of the asteroid impact (Figure A3). Over the past 65 million years, precipitation and 
humidity likely decreased at Corral Bluffs. Because water is often a limiting factor for plant growth, these 

https://www.biointeractive.org/classroom-resources/earthviewer
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changes reduced vegetation and resulted in the loss of palm forests. 

Figure A3. A screenshot from EarthViewer showing maps from the Cretaceous period, the time period 
immediately before the asteroid impact. 

Fossils and Concretions 

Fossils at Corral Bluffs are exceptionally complete and well-preserved. They include many complete skulls — 
and, in some cases, skeletons — of mammals, crocodiles, and turtles. The site also has many fossilized plants, 
including fossils of pollen, leaves, large stumps, and logs.  

Part of the reason Corral Bluffs has so many well-preserved mammal fossils is because it had an ideal 
environment for forming concretions. Concretions are hard structures that can form around organic matter and 
eventually turn into rocks. Fossil mammal skulls with teeth intact can be preserved inside concretions. 

Concretions form only under a specific set of groundwater and geochemical conditions. While concretions 
themselves are somewhat common, concretions with well-preserved skulls inside are rare. In these cases, 
precipitating minerals from the groundwater tend to concentrate and preferentially build up around the skulls. 
These minerals and groundwater act like a “glue” that cements sand grains and mud particles together. Some of 
the “glue” can crystallize around the organic matter. Over time, the crystallizing material grows into a 
concretion, forming rock with a preserved skull inside.  

The number of skulls and quality of their preservation at Corral Bluffs is in itself impressive, but the story the 
fossils tell about rapid diversification and growth in body size after the asteroid impact is what makes this site 
and its evidence truly remarkable. 

Evolution of Mammals 

The first modern mammals, called stem mammals or proto-mammals, probably evolved about 200 million years 
ago, 140 million years before the K–Pg mass extinction. Proto-mammal fossils (mostly of teeth, bone fragments, 
and some skeletons) indicate considerable variety in body shape and diet (e.g., insectivores, herbivores, 
omnivores, and even a limited number of carnivores). However, the proto-mammals were generally small (rarely 
larger than an opossum or racoon), and many were likely nocturnal. They did not have placentas and may have 
laid soft-shelled eggs similar to modern reptiles and monotremes. 

https://www.biointeractive.org/classroom-resources/earthviewer
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The K–Pg mass extinction facilitated the modern radiation of placental mammals. Mammal fossils from Corral 
Bluffs have contributed greatly to our knowledge of how mammals diversified during this time, including 
significant increases in body size. About 25 million years after the mass extinction, gigantic herbivorous 
mammals, such as the Brontotheres and Indricotherium, evolved and took over ecological niches previously 
filled by gigantic herbivorous dinosaurs. Interestingly, different clades of mammals have experienced at least six 
ecological radiations over the past 200 million years, with a range of dietary specialists evolving from small, 
ancestral insectivores or omnivores. 

Evolution of Plants 

Plant fossils — including fossilized leaves, spores, and pollen — provide evidence of ecological succession and 
diversification after the K–Pg event. The fossil record indicates several key changes over time. The ecological 
radiation of placental mammals after the K–Pg mass extinction was shaped by increases in plant diversity and 
community species richness that followed the extinction event. 

First, pollen from several key Cretaceous plant species disappeared after the asteroid impact, indicating that 
these plant groups went extinct. After the K–Pg mass extinction, there was an initial spike in the abundance of 
fern spores, suggesting a prevalence of ferns. Modern-day ferns are some of the first plants to recolonize areas 
after disasters, such as volcanic eruptions, landslides, or wildfires. It is likely that ferns played a similar role after 
the asteroid impact. 

In rock layers above (younger than) those with ferns, there is a proliferation of fossilized palm pollen and palm 
macrofossils, such as fossilized palm fronds, flowers, and stumps. These palm fossils suggest that palm-
dominated forests eventually arose from the fern-dominated world. Corral Bluffs has many fan-leaf palm fossils, 
suggesting the development of clusters of fan-leaf palm forests. 

Following the development of forests of fan-leaf palms, Corral Bluffs fossils show further diversification of plants 
in the area. The film highlights the discovery of a legume fossil dated to about 700,000 years after the asteroid 
impact. At the time of discovery, this was the oldest known legume fossil. However, slightly older legume fossils 
were discovered in Mexico in 2021. Discovering legumes in the area is important because legumes are rich in 
protein due to their symbiosis with nitrogen-fixing bacteria. This symbiosis allows legumes to obtain more 
nitrogen, which is often a limiting nutrient for plant growth, and thereby form more proteins than other plants. 
The appearance of legumes is associated with the evolution of mammal species with larger body masses. 
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APPENDIX 2: ANSWERS FOR THE DISCUSSION QUESTIONS  

Below are sample answers and additional information for the “Pause Points” discussion questions. 

PART 1: 0:00–3:18 

• What traits might have been advantageous for animals after the asteroid impact, and why?
Be open to a range of reasonable ideas. Students may suggest that a fur coat or feathers was
advantageous due to the initial decrease in global temperatures. Other traits that may have been
advantageous could include not requiring a lot of food, a slow metabolism, or the ability to hibernate.

• What types of animals survived after the asteroid impact, and why?
Animals that survived after the impact tended to be small, live in the water, or burrow underground.

• What types of modern-day animals do you think could survive after an asteroid impact (in particular, the
reduction in sunlight)?
Be open to a range of reasonable ideas. Students may suggest animals like rodents that live in burrows
and eat plants, birds that rely on insects, or omnivores that have diverse diets.

• How do you think the asteroid impact affected food chains and ecosystems in the ocean?
Although this is not covered in the film, it is helpful to encourage student thinking about possible
implications for other ecosystems. The reduction in sunlight would have significantly reduced primary
production in marine ecosystems, with cascading effects on the associated food webs. As a result, many
significant marine species went extinct after the asteroid impact. (More information can be found in
“The K–Pg Mass Extinction” section of Appendix 1.)

• Predict the types of organisms that might be found in fossils after the asteroid impact.
Be open to a range of answers. This question helps prime students for the next part of the film, which
reveals the succession of plants and then some types of early mammals.

PART 2: 3:19–6:42 

• According to the film, what is found above the K–Pg boundary?
A variety of layered sediments rich in fossilized remnants of plants and fungi (spores, pollen, etc.). If
students have watched the later parts of the film, they may also mention animal fossils.

• How are fossilized pollen and spores helpful for understanding past environments?
Scientists can use these fossils to make inferences about the types of plants living in the past. Knowing
how related modern plants function ecologically, scientists can then make inferences about the ecology
and environment in the past.

• Why were there so many fungal spores right after the asteroid impact?
This abundance in spores indicates a large number of fungi right after the impact. Fungi function as
major decomposers, so these fungi likely grew on the large amount of biomass from dead plants and
animals.

• What other examples do you know of that involve plant or animal life recovering after a natural or human-
made disaster?
Examples include ecosystem recovery after volcanic eruptions, wildfires, or landslides, as well as forest
recovery after mining or logging. You may want to draw attention to the timescales for these recoveries
(tens to hundreds of years) compared to the timescale discussed in the film (hundreds of thousands of
years).

• Why might it be difficult to find animal fossils, especially ones with complete skeletons?
The remains of dead animals are often broken apart by scavengers or predators. (Scavengers and
predators at Corral Bluffs included turtles and crocodilians.) Animal remains may also decay, degrade, or
be damaged by the environment if they are not buried. (For example, river currents at Corral Bluffs may
have scattered skeletal elements.)
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PART 3: 6:43–11:34 

• What is unique about the concretions found at Corral Bluffs, and why is this important to scientists?
The concretions preserved entire skulls with teeth intact. Such well-preserved skulls have been found at
only a few sites globally.

• What can we learn about an animal from studying its skull/teeth?
The film highlights how teeth provide important clues about an animal’s diet. You may also want to
discuss how scientists can use skulls/teeth to identify species or infer other characteristics. For example,
the size of certain teeth is associated with body mass for some mammals. Scientists have estimated the
body masses of past mammals using fossilized skulls/teeth; Question 11 in the “Student Handout” shows
some example data.

• What does it mean for an animal to be a “generalist” in terms of diet? What might the presence of such
animals tell us about an ecosystem?
Generalists eat a variety of food types — for example, meat, insects, and fruit. The presence of many
generalist species, and relatively fewer specialists, may suggest that the ecosystem has fewer specific
food sources and niches.

• What are some modern-day species that are generalists in terms of diet?
Student answers will vary depending on their prior knowledge. For mammals, examples include racoons,
black bears, or orcas. For birds, examples include crows, cranes, or herons.

• The film focuses on plants and animals on land. What do you think happened to the plants and animals in
the oceans after the asteroid impact? What types of evidence might show how marine species recovered
and diversified?
Be open to a range of student ideas about what might have happened in the oceans. The main effect
was probably either substantial reduction or collapse of primary production in the surface of the oceans,
the source of energy for nearly all marine food webs. More information can be found in “The K–Pg Mass
Extinction” section of Appendix 1.
Be similarly open to student ideas about the types of evidence. Based on what happened at Corral
Bluffs, students may realize that sediments also formed on the seafloor after the asteroid impact, and
that these sediments can provide evidence of recovery and diversification of species.

PART 4: 11:35–16:10 

• What does it mean for an animal to be a “specialist” in terms of diet? What might the presence of such
animals tell us about an ecosystem?
Specialists have a very restricted diet and have generally evolved to fit a specific niche in an ecosystem.
The presence of many specialists, such as in today’s tropics, may suggest that the ecosystem has many
different types of foods, species, and niches.

• What are some modern-day animal species that are specialists in term of diet?
Student answers will vary depending on their prior knowledge. For mammals, examples include polar
bears, which eat seals, and lynxes, which rely on snowshoe hares. For birds, hummingbirds or crossbills
may have relatively limited diets.

• What is a legume? What are some modern-day examples of legumes?
Students may know legumes as “beans.” Examples in the film include soybeans, alfalfa, and peas. Other
examples are chickpeas, lentils, and peanuts.

• Who discovered the oldest fossil legume in the film?
Aeon Way-Smith, a teenage student on a paleontology (“fossil-hunting”) field trip to Corral Bluffs.

• Why was the appearance of legumes significant for early mammals?
Early mammals were relatively small. The appearance of legumes is associated with a sudden increase
in body mass for mammals at Corral Bluffs. As discussed in the film, legumes were a protein-rich food
source that may have enabled an extension of maximum mammalian body mass.
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