Mass Extinction Pogil 1

Mass Extinction Pogil

Mass
Extinction
Pogil

UNDERSTANDING
MASS EXTINCTION
THROUGH GUIDED
INQUIRY

Downloaded from

www.everybodystreet.com
by Alessandra & Daisy

The concept of mass
extinction represents
one of the most
dramatic and
consequential patterns
in the history of life on
Earth. These
catastrophic events,
which have punctuated
the fossil record over
the past 500 million
years, mark moments
when biodiversity
collapsed on a global
scale. For educators
and students alike,
grasping the
complexity of these
events requires more
than memorizing dates

and casualty counts.
This is where the Mass
Extinction Pogqil
approach becomes
invaluable. POGIL,
which stands for
Process Oriented
Guided Inquiry
Learning, offers a
structured yet dynamic
way to explore deep

time ecological
collapse, moving
beyond passive

learning into active,
guestion-driven

discovery. By
examining mass
extinctions through

this lens, learners not
only understand what
happened but also how
scientists decipher
evidence from ancient
rocks and fossils. This
article explores the
intricate story of mass
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extinctions while
demonstrating the
power of guided
inquiry in uncovering
the mechanisms,
patterns, and lessons
these biological crises
hold for humanity
today.

WHAT IS A MASS
EXTINCTION?

A mass extinction is
not simply a period
when many organisms
die. In scientific terms,
it is a sharp, global-
scale decrease in
biodiversity that far
exceeds the normal
background extinction
rate. Background
extinction represents
the natural, ongoing
loss of species that
occurs as a result of
ordinary ecological and
evolutionary

processes. Mass
extinctions, by
contrast, are

catastrophic

interruptions that
eliminate a substantial
percentage of all living
species across a wide
range of habitats
within a geologically
short timeframe.

To qualify as a mass
extinction, an event
typically must meet
several criteria:

e Global impact:
The extinction
must affect
species across
multiple
continents and
ecosystems, not
just a localized
region.

e Broad
taxonomic
range:
Numerous
diverse groups of
organisms, from
marine
invertebrates to
terrestrial
vertebrates,
must experience
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significant
losses.

e High
magnitude: At
least 50 percent
of all species
must go extinct,
though many
major events saw
losses exceeding
75 percent.

* Geologically
rapid
occurrence: The
extinction
happens within a
relatively short
interval, often
spanning
thousands to a
few million years,
rather than
unfolding
gradually over
tens of millions
of years.

The fossil record
reveals five major
mass extinctions,
sometimes referred to
as the Big Five, along
with several smaller

extinction pulses. Each
event has distinct
causes, ecological
consequences, and
recovery patterns,
making them ideal
subjects for guided
inquiry learning.

THE BIG FIVE
MASS
EXTINCTIONS: A
DEEP TIME
OVERVIEW

Understanding the Big
Five is essential for any
Mass Extinction Pogil
activity. These events
reshaped life's
trajectory and set the
stage for evolutionary
innovations that
followed.

The End-
Ordovicia



levels dropped
dramatically,
destroying shallow

Eth N Ch@rfe] habitats that

(Ap p rdxitequent warming
mately

443

Million

housed much of life at
time. The

phase caused further
isruption.

Approximately 85
percent of marine
species vanished,
including many
trilobites, brachiopods,
and graptolites.

Yea rS Notably, this extinction

Ago)

The first of the major
mass extinctions
occurred near the close
of the Ordovician
Period. This event
unfolded in two distinct
pulses, both linked to a
rapid and severe ice
age. As continental
glaciers expanded
across the
supercontinent

Gondwana, global sea

primarily affected
marine organisms, as
terrestrial life was still
relatively limited
during this period.

The Late
Devonian
Extinction
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(Approxi

mately

372

Million
Years

Ago)

The Late Devonian

extinction was a
prolonged series of
extinction pulses

rather than a single
catastrophic event.
Spanning perhaps 20
million vyears, it
significantly impacted
marine ecosystems,
particularly reef-
building organisms.
Coral reefs virtually
disappeared, and
about 75 percent of all
species were lost. The
causes remain debated
but likely include

multiple factors such
as global cooling,
ocean anoxia, volcanic
activity, and the
evolutionary spread of
land plants that altered
nutrient cycles. This
event demonstrates
how ecological
changes on land can
cascade into marine
environments.

The End-
Permian
Extinction
(Approxi
mately
252
Million



Years
Ago)

The end-Permian
extinction, often called
the Great Dying,
stands as the most
severe biodiversity
crisis in Earth's history.
An estimated 96
percent of marine
species and 70 percent
of terrestrial vertebrate
species went extinct.
The primary trigger
was massive volcanic
eruptions in what is
now Siberia, known as
the Siberian Traps.
These eruptions
released enormous
volumes of carbon
dioxide, methane, and
other greenhouse
gases, leading to
extreme global
warming, ocean
acidification, and
widespread oxygen
depletion in the seas.

Recovery from this
catastrophe required
millions of years and
fundamentally
restructured
ecosystems. This event
provides a sobering
case study for
understanding the
effects of rapid climate
change, making it a
centerpiece in Mass
Extinction Pogqil
explorations.

The End-
Triassic
Extinction
(Approxi
mately
201
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Million

Years

Ago)

The end-Triassic
extinction eliminated
about 75 percent of
species and paved the
way for dinosaurs to
become dominant on
land. Again, volcanic
activity played a
central role, this time
associated with the
breakup of the
supercontinent

Pangea. Massive lava
flows, known as the
Central Atlantic
Magmatic Province,
released carbon
dioxide and sulfur
dioxide, causing
climate shifts and
ocean acidification.
Conodonts, a group of
jawless vertebrates,
disappeared entirely,
while many ammonite

and bivalve groups
suffered heavy losses.
The niches vacated by
extinct species allowed
dinosaurs to diversify
and spread during the
ensuing Jurassic Period.

The End-
Cretaceo
us
Extinction
(Approxi
mately

66 Million
Years
Ago)

Undoubtedly the most
famous mass
extinction, the end-



Cretaceous event
famously eliminated all
non-avian dinosaurs,
pterosaurs, and many
marine reptiles. A 10-
kilometer-wide asteroid
striking the Yucatan
Peninsula in present-
day Mexico triggered
this catastrophe. The
impact generated a
massive dust cloud
that blocked sunlight
for months or years,
shutting down
photosynthesis and
collapsing food webs.
Wildfires, tsunamis,
and acid rain
compounded the
devastation. About 75
percent of all species
perished. However, this
extinction also opened
opportunities for
surviving groups,
notably mammals and
birds, which radiated
extensively in the
following Paleogene
Period.

WHY USE GUIDED
INQUIRY TO LEARN
ABOUT MASS
EXTINCTIONS?

Mass extinction
science is inherently
interdisciplinary,
drawing upon
paleontology, geology,
geochemistry,

climatology, and
evolutionary biology.
This complexity makes
it an ideal subject for
the POGIL approach.
When students engage
with a Mass Extinction
Pogil module, they are
not simply reading
textbook summaries.
Instead, they are asked
to analyze data,
interpret graphs,
construct hypotheses,
and defend their
reasoning with
evidence. This process
mirrors how scientists
actually investigate
extinction events.

Key benefits of guided
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inquiry in this context
include:

e Deeper
conceptual
understanding:
Students must
connect cause
and effect across
multiple
systems, from
volcanic
outgassing to
ocean chemistry
shifts.

e Critical
thinking
development:
Learners
evaluate
competing
hypotheses, such
as whether the
end-Cretaceous
extinction
resulted from
asteroid impact
or prolonged
volcanic activity.

* Collaborative
learning: POGIL
activities are
typically done in

small groups,
encouraging
discussion,
debate, and peer
instruction.

e Authentic
scientific
practice:
Students work
with real or
simulated
datasets, gaining
experience in
evidence-based

reasoning.
This approach
transforms a

traditionally lecture-
heavy topic into an
active, memorable,
and empowering
educational
experience.

CAUSES OF MASS
EXTINCTION:
PATTERNS AND
MECHANISMS

While each mass
extinction event has
unigue features,
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recurring themes
emerge that help
scientists understand
what drives
biodiversity collapse. A
Mass Extinction Pogil
module often
challenges students to
classify and compare
these causal factors.

Volcanic
Activity
and
Large
lgneous
Provinces

Four of the Big Five
mass extinctions are
linked to massive
volcanic eruptions that
formed large igneous
provinces. These are
vast accumulations of

basalt lava that
erupted over
geologically short

intervals. The Siberian
Traps associated with
the end-Permian
extinction and the
Central Atlantic
Magmatic Province
linked to the end-
Triassic extinction are
prominent examples.
Such eruptions release
immense quantities of
carbon dioxide,
methane, sulfur
dioxide, and other
gases, driving climate
change, ocean
acidification, and
atmospheric pollution.

Asteroid
and
Comet
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Impacts

The end-Cretaceous
extinction is the only
Big Five event firmly
tied to a large asteroid
impact, though
impacts have been
proposed for other
events with less
supporting evidence.
The Chicxulub impact
created global
environmental
devastation through
multiple mechanisms,
including short-term
darkness, cooling, and
later warming. Impact
events are rare but can
be extraordinarily
destructive when they
occur.

Climate
Change

Both rapid warming
and cooling have
triggered extinction

11

events. The end-
Ordovician extinction
was linked to glaciation
and sea-level fall, while
the end-Permian and
end-Triassic extinctions
involved extreme
greenhouse warming.
Modern climate
change, while still in its
early stages relative to
these ancient events,
provides a concerning
parallel, which many
Mass Extinction Pogil
activities explore
directly.

Ocean
Anoxia
and
Acidificati
on

Many mass extinctions
coincide with evidence
for widespread oxygen



depletion in the
oceans, a condition
known as anoxia.
Warm waters hold less
oxygen, and nutrient
runoff from land can
stimulate algal blooms
that further deplete
oxygen when they
decompose. Ocean
acidification, caused by
increased carbon
dioxide absorption,
makes it difficult for
calcifying organisms
like corals and shellfish
to build their skeletons.
Both conditions are
observable in the
modern ocean as
alarming warning
signs.

RECOVERY AND
ECOLOGICAL
SUCCESSION
AFTER MASS
EXTINCTION

Mass extinctions are
not just endpoints.
They are also
beginnings. The

12

recovery phase
following each event
reveals how life
rebuilds after
catastrophe. Recovery
times vary
dramatically. After the
end-Permian
extinction, ecosystems
required 5 to 10 million
years to regain their
former complexity. In
contrast, recovery from
the end-Cretaceous
extinction was
relatively rapid, with
mammals and birds
diversifying within a
few million years.
Several patterns

characterize post-
extinction recovery:

e Disaster taxa
flourish: Certain
hardy, generalist
species often
proliferate in the
immediate
aftermath, taking
advantage of
vacant niches.
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» Biotic recovery
lags behind
environmental
recovery: Even
after
environmental
conditions
stabilize,
ecosystems may
take additional
time to rebuild
complex food
webs.
Evolutionary
innovation
accelerates:
Extinctions
remove
dominant groups,
creating
opportunities for
surviving
lineages to
evolve new
forms and
occupy new
roles.
Ecosystem
structure may
shift
permanently:
After major
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extinctions, the
overall
architecture of
ecosystems can
change, with new
groups becoming
dominant.

These recovery
dynamics provide rich
material for guided
inquiry, allowing
students to model
ecological succession
and test hypotheses
about what factors
promote or hinder
recovery.

THE CURRENT
BIODIVERSITY
CRISIS: ARE WE IN
A SIXTH MASS
EXTINCTION?

A growing body of
scientific evidence
suggests that Earth is
currently experiencing
a sixth mass
extinction, driven
primarily by human
activities. Unlike



previous events
triggered by natural
phenomena, the
current crisis results

from habitat
destruction, climate
change, pollution,

overexploitation of
resources, and the
introduction of invasive
species. Extinction
rates today are
estimated to be 100 to
1,000 times higher
than natural
background rates.

This context makes the
study of past mass
extinctions not just
academically

interesting but
urgently relevant. A
Mass Extinction Pogil
activity that compares
past events with
current trends can help
learners understand
the magnitude of
modern threats. Key
parallels include:

¢ Rapid climate
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change: Current
warming rates
rival those seen
during past
greenhouse-
driven
extinctions.
Ocean
acidification:
Carbon dioxide
emissions are
acidifying oceans
at rates not seen
since the end-
Permian.
Habitat
fragmentation:
Destroying and
fragmenting
ecosystems
reduces species
populations and
their ability to
adapt or migrate.
Species
interdependen
ce: Loss of key
species can
cause cascading
extinctions
through
interconnected
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food webs.

However, there is a
crucial difference.
Humanity possesses
the knowledge and
capability to mitigate
the current crisis. By
understanding the
drivers of past
extinctions, societies
can make informed
decisions about
conservation,

sustainable resource

use, and climate
action.
HOW A MASS

EXTINCTION POGIL
MODULE WORKS
IN PRACTICE

Educators

implementing a Mass
Extinction Pogil module
can design activities
that progressively build
student understanding.
A typical module might
begin with a simple
model of background
versus mass extinction
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rates, then advance to
more complex tasks
such as interpreting
fossil diversity curves,
analyzing geochemical
data from sediment
cores, or constructing
timelines that correlate
extinction events with
known geological
triggers. Students work
in small groups, each
assigned specific roles
such as manager,
spokesperson, or
analyst. The instructor
facilitates rather than
lectures, asking
probing questions that
guide students toward
deeper insight. This
format ensures that

every participant
actively engages with
the material,

developing both
content knowledge and

process skills
simultaneously.
CONCLUSION

Mass extinctions
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represent some of the most transformative
events in

16 Mass Extinction Pogil 2025-01-24



