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Plan for Implementation 

The presenter’s guide lists all the necessary materials and steps to take to prepare for the activities that 
they select to be part of their event. Each activity card describes the steps necessary to complete the 
activity. The Discover Fossils of Ohio program is designed to be as flexible as possible. It is left to the 
presenter which order to conduct the activities in. It can be implemented at the field station, on 
campus, or in any classroom. Large or small groups can be accommodated. We have also included a 
reference list of the relevant State of Ohio standards for elementary/middle school and secondary 
education.  

The text portions of the kit can be delivered digitally in a pdf format, the physical kits with fossil 
samples can be delivered physically when Governor Dewine’s stay home order is lifted.  



DISCOVER FOSSILS OF OHIO

A Guided Activity Kit

PRESENTER’S GUIDE

Introduction

This kit contains materials and activities for introducing students to some
of Ohio’s major fossil groups as well as some of the techniques and classifica-
tion systems that scientists use to study and identify them. These activities
can be adapted for use with late elementary school to early high school stu-
dents, and meet several of Ohio’s learning goals for science education within
this age range (see below for details).

Included Materials

• A Presenter’s Guide (You are reading it now!)

• 4 Loose-leaf Activity Pages

• 5 Loose-leaf Illustrated Fact Pages

• The fossil collection

→ 5 brachiopod specimens

→ 3 pieces of fossil hash

→ 5 bryozoans

→ 3 horn corals

• A Presenter’s Survey
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Materials That You Must Provide

• Pencils for each student (for sketching)

• Paper for each student (for sketching and written responses)

• A standard metric ruler

To Prepare For These Activities

Read through each of the activity cards carefully. Each activity may take
about seven minutes to complete. The activities can be completed individ-
ually in sequence, or set up as stations (one activity page per station) for
small groups of students to rotate between. For each activity, you might
have one student read the description and instructions of the activity page
out loud to the others in their group before the group begins to work on
it. The activities that call for written responses can be used as the basis
for class discussion. The 5 illustrated fact sheets can be displayed centrally,
though they will also be particularly relevant for the “fossil hash” activity.

Before prsenting this kit, it will be helpful if the students are familiar
with some basic vocabulary surrounding biological classification, geological
time periods, and marine environments. Some of the key terms used in the
activities are indicated below:

Vocabulary

• benthic zone

• invertebrate

• Linnean taxonomy

• Ordovician period

• Paleozoic era

• extinction
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Ohio Public Schools Learning Goals

In accordance with the State of Ohio’s guidelines for science education, stu-
dents completing these activities will be able to: (1) demonstrate scientific
knowledge, (2) interpret and communicate scientific concepts, and (3) recall
accurate scientific information. Additionally, the activities in this kit align
with, or can be adapted to align with, the following specific learning goals:

Elementary and Middle School Earth/Life Science

4.LS.2: Fossils can be compared to one another and to present-day organ-
isms according to their similarities and differences.

5.LS.1: Organisms perform a variety of roles in an ecosystem.

7.LS.2: In any particular biome, the number, growth, and survival of or-
ganisms depend on biotic and abiotic factors.

8.LS.1: Diversity of species, a result of variation of traits, occurs through
the process of evolution and extinction over many generations.
The fossil records provide evidence that changes have occurred in
number and types of species.

8.LS.2: Every organism alive today comes from a long line of ancestors
who reproduced successfully every generation.

8.ESS.4: Evidence of the dynamic changes of Earth’s surface through time
is found in the geologic record.

High School Biology/Environmental Science

B.DI: Diversity and interdependence of life.
biodiversity, genetic diversity, species diversity

B.DI.3: Loss of diversity.
climate change, anthropocene effects, extinction

ENV.ES.1: Biosphere.
evolution and adaptation, biodiversity, ecosystems

ENV.ES.2: Atmospheric properties and currents.

ENV.ES.3: Geologic events and processes.
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FOSSIL HASH

Description

Many of the fossils in the Cincinnati area are found as part of
a fossil “hash”, which is a mass of limestone that can contain
fossils representing centuries of marine life. Pieces of hash usu-
ally include several different types of fossils, so they present
a good opportunity to practice identifying common Cincin-
nati fossils. When learning to identify organisms, scientists
often draw sketches of the organisms they are studying. When
sketching an organism, a person is forced to carefully observe its
physical appearance, which makes sketching an excellent way
to learn every detail of an organism.

Activity

Observe one of the pieces of the fossil “hash” provided in this
kit and list how many crinoids, brachiopods, gastropods, horn
corals and bryozoans you can see within it. Choose one of the
fossils in the hash to sketch. As you sketch, pay careful at-
tention to the features that make the fossil you are drawing
different from the other fossils in the “hash”.



BRACHIOPOD KEY

Description

A dichotomous key (also called an identification key or a se-
quential key) is a sequence of steps that you can follow in
order to identify and differentiate between organism specimens
of an entire class. These keys work by presenting you with a
question about some physical characteristic of the sepcimen to
be classified. Then, depending on your answer, the key will
direct you to another question until you reach the proper clas-
sification at the end of the process.

Each of the five brachiopod fossils in this activity belongs to
a different family. The physical features in each family are easy
to see with the naked eye, so this collection of brachiopods can
be identified by family through careful observation, even with-
out a microscope.

Activity

To complete this activity, you will use the flow chart on the
right. Take a specimen and begin by answering the question at
the top node of the chart. Follow the arrow that corresponds
to the answer that you provide to reach another node. Repeat
this process for the node at which you arrive until you reach
a node in the chart that presents you with the family or order
name of the specimen.

START
Is the specimen’s width

less than or equal to 1.5cm?

Do the two halves of
the specimen meet in

a zigzag line?

Family: Anazygidae.

What is the specimen’s
convexity?

biconvex plano-convex concavo-convex

Family: Dalmanellidae. Order: Strophomenida.

Is the specimen’s
width greater than

its length?

Family:
Rhynchotrematidae.

Family:
Platystrophiidae.

NO

YES

YES NO

YES

NO

biconvex

concavo-convex



WHY CLASSIFY ORGANISMS?

Description

Scientists have developed elaborate classification systems for
studying and identifying organisms. These systems often in-
volve separating organisms into increasingly fine-grained groups
based on their physical, behavioral, and genetic traits. Com-
pare the Linnean Classification of human beings (Homo sapi-
ens) with that of Isotelus maximus, Ohio’s state fossil:

Homo sapiens
Kingdom: Animalia
Phylum: Chordata
Class: Mamalia
Order: Primates
Family: Hominidae
Genus: Homo
Species: H. sapiens

Isotelus maximus
Kingdom: Animalia
Phylum: Arthropoda
Class: Trilobita
Order: Asaphida
Family: Asaphidae
Genus: Isotelus
Species: I. maximus

Activity

Provide two different one-two sentence answers to the following
questions: (1) What are the benefits of classifying living organ-
isms in this way? (2) What other ways might organisms be
classified, and what would be the benefits of those classification
systems?

This specimen of the trilobite Isotelus maximus, which
is Ohio’s state fossil, is apporximately eight inches long.
It is part of the Cincinnati Museum Center’s inverte-
brate paleontology collection.



WHY STUDY THE PAST?

Description

Earth is about 4.5 billion years old. Throughout its history,
it has undergone dramatic transformations in its climate, ge-
ology, atmosphere, and living inhabitants. In order to study
these transformations, scientists have divided Earth’s history
into four major eons—the Hadean, the Archean, the Protero-
zoic, and the Phanerozoic. These eons are divided into eras,
which in turn are divided into periods. For example, we are cur-
rently living in the Quaternary period of the Cenozoic era in
the Phanerozoic eon. Periods can also be divided into different
epochs and ages.

For the first two billion years of Earth’s history, the envi-
ronment was unsuitable for complex life. Earth became more
hospitable to modern forms of life only after certain kinds of
bacteria evoloved and began releasing large amounts of oxygen
into the atmosphere. The transformations throughout Earth’s
history, however, have not always been favorable to life. Many
periods in the current eon have been marked by mass extinc-
tion events, during which the enrionment became toxic to most
of the organisms alive at the time.

Activity

Consider the images on the right. What are some different
ways in which you might answer the following questions: (1)
Why should we study ecosystems that existed in the past? (2)
Why should we study how the Earth has changed over time?

Above: A scaled timeline of the history of life on Earth. Below: A
reconstruction of Pangaea, a supercontinent that formed around 335
million years ago and broke up around 175 million years ago. [This im-
age was created with Paleomap maker , a webserveice launched by the
EarthByte Group in the University of Sydney’s Geosciences School.]

http://portal.gplates.org/portal/paleomapmaker/
https://www.earthbyte.org


Fact Sheet: Rugosa

The rugosa are an extinct order of corals that were
abundant in the Middle Ordovician to Late Perm-

ian periods (up to around 250 million years ago).  
Rugosan corals have left an abundant fossil record 
because of their hard caclium carbonate exoskeletons, 
which preserve well in rock. 

Rugosans could have either solitary or colonial lives.  
They lived in “benthic” environments, along the 
bottom of sea beds and the ocean floor.  The unique, 
horn-shaped or tooth-shaped exoskeletons of solitary 
rugosans earned them the common name “horn cor-
als”.  These rugosans were very large.  Fossils have 
been found that exceed one meter in length.  Colonial 
rugosans, on the other hand, inhabited large reefs 
along the ocean and sea floors.  Like their modern 
cousins, Rugosans may have been predatory animals, 
using stinging tentalces to stun and capture small prey, 
including plankton and single-celled protozoans. 

Rugosans did not survive the Permian-Triassic extinc-
tion event, which eradicated nearly 96% of all marine 
species around 252 million years ago.  The climate 
change that occured during this time as a result of 
many independent events, such as massive volcanic 
erruptions and meteor impacts, affected organisms 
with calcium carbonate skeletons the most.  These 
organisms were highly susceptible the ocean acidifica-

tion that resulted from significant increases in atmo-
spheric carbon dioxide and other greenhouse gases 
during this time. 

Behavior

History

Fossilized Rugosa coral. Photo/James St. John (CC BY 2.0)

Fossilized Rugosa coral. Photo/James St. John (CC BY 2.0)
Rugosa coral fossil collected near Cincinnati. Photo/Jstuby (pub-
lic domain). 



Fact Sheet: Brachiopoda

Brachiopods are a group of solitary, marine animals 
that have hard shells, or “valves”, on their upper and 
lower surfaces.  Brachiopod valves are hinged at one 
end, and open at the other end to permit feeding and 
respiration.  Unlike clams and other bivalves, the two
halves of brachiopod valves are typically mirror 
images of each other.  Brachiopods take in food using 
a “lophophore”: an organ that allows these animals 
to filter food particles from the surrounding water in 
which they live.

Brachiopods attach themselves to rocks or other 
surfaces in seas and oceans.  In order to do this, most 
brachiopods have a specialized organ called a “pedi-
cle”, which protudes through an opening in the valve 
hinge and anchors them to a surface.  However, some 
brachiopods have no pedicle.  Instead, they directly 
cement the rear of their “pedicle valve” directly to a 
surface.

Brachiopods can be divided into two groups depnding 
upon whether or not their valves have jointed hing-
es.  “Articulate” brachiopods have a tooth and socket 
arrangement that prevents the valves from sliding 
side-to-side.  The valves of “inarticulate” brachiopods, 
however, lack this structure.  Their valves are held 
together only by muscles.

Anatomy

History

The oldest recovered brachiopod fossils suggest that 
these animals first appeared during the early Cambrian 
period.  At their peak during the paleozoic era, 
brachiopods were among the most prominent filter-
feed-ers and reef-builders.  However, brachiopods 
were deeply affected by the Permian-Triassic 
extinction event, which resulted in the extinction of 
nearly 96% of all marine spicies alive at the time. 
Extant species of brachiopods reflect only one third of 
their former diversity.

Simulated brachiopods in a diorama of the Pennsylvania seafloor 
at the Carnegie Museum of Natural History in Pittsburgh. Photo/
James St. John (CC BY 2.0). 

Fossilized brachiopod from Brown County. Photo/James St. John 
(CC BY 2.0)



Fact Sheet: Bryozoa

Most bryozoan individuals are zooids: they live
together with other individuals of the same spe-

cies in a colony, and are not fully independent. Within 
some colonies, the zooids specialize to perform only 
specific functions, such as feeding, reproducing, or de-
fending the colony. Bryozoan colonies often form on 
hard surfaces under the water. The zooids of such col-
onies secrete a hard exoskeleton that slowly “encrusts” 
and spreads over the surface. The openings in the 
exoskeleton through which the lophophores protrude 
give the anchoringsurface a moss-like appearance. 

Regardless of zooid specialization, the bodies of all 
bryozoans consist of two major parts: (1) the cystid 
and (2) the polypide.

(1) The cystid consists of the body wall and the exo-
skeleton that is secreted by the outer layer of the body 
wall. Depending upon the class, the exoskeleton may 
consist of organic material (such as chitin) or mineral 
composites (such as calcium carbonate).

(2) The polypide is contained within the cystid and
consists of  the organism’s nervous sytsem, digesive 
organs, and muscles for controling the lophophore.
appears on the right side of  the shell when opening 
toward you, the shell is said to be  “right-handed”.  If 
it appears on the left side of the shell when  opening 
toward you, the shell is said to be “left-handed”.  

Bryozoans are aquatic invertebrates. They feed on di-
atoms (microalgae) and other single celled organisms 
by straining them from the water using a retractable 
“crown” of tentacles called a lophophore. Feeding by 
straining microorganisms from the water is called filter 
feeding. 

Mineralized skeletons of bryozoans first appear in 
rocks dating from the early Ordovician period (~480 
million years ago).  With roughly 15,000 species iden-
tified today, bryozoans are among the most prominent 
groups of Paleozoic fossils.

Reconstructed fossilized bryozoans. Photo/James St. John (CC 
BY 2.0)

Anatomy

History

Artist’s depiction of a live bryozoan. Ernst Haeckel (public 
domain).



Fact Sheet: Crinoidea

Crinoids are marine animals closely related to star-
fish, brittle stars, sea urchins, and sea cucumbers.  

The word “crinoid” comes from the ancient Greek 
words for “lily-like”, which describes the basic body 
plan of these animals.  All crinoids possess a crown 
consisting of a central body called the “theca”, which 
contains the organism’s mouth, and an array of five 
arms that are typically densely branched and feath-
ered. 

The majority of living crinoids are free-moving, using 
a collection of jointed, root-like structures called “cir-
ri” to crawl across surfaces. Free-moving crinoids are 
often called “feathered stars”.  Crinoids living in the 
deep sea, however, may long stalks up to one meter 
in length to hold their crowns, earning them the name 
“sea lily”.

Crinoids are passive “filter feeders”.  The branches 
of the crown act as nets, catching plankton and other 
food particles suspended in the water.  Tiny hairs in 
the branches help to transport sifted material to the 
mouth at the top of the theca. 

Judging from fossil specimens, crinoids appear to have 
originated around 480 million years ago in the Ordo-
vician period.  The fossils from this time often feature 
the stalks, or parts of stalks, called columnals, which 
can resemble ridged tubes or cylinders.  Cross-sections 
of the stalk in fossilized rock resemble five-pointed 
stars.

Fossil crinoid (public domain)

Anatomy

History

Artist’s depiction of crinoids. Drawing/Ernst Haeckel (public 
domain).



Fact Sheet: Gastropoda

Gastropods include the animals that are commonly
identified as either snails or slugs.  Although the 

name “snail” can designate all members of this class, 
typically this word is used to describe those species 
that have a large external shell into which the organ-
ism can completely withdraw its body.  The remaining 
members of this class are informally called slugs. 

Gastropods have adapted to live within a wide variety 
of habitats, including freshwater, saltwater, and land 
environments.  Gastropods can be found in gardens, 
woodlands, deserts, rivers, lakes, estuaries, mudflats, 
and even deep underneath the ocean in hydrothermal 
vents. 

All gastropods have a head with two or four sensory 
tentacles that  contain eyes.  They slide across surfaces 
by contracting and  stretching a large foot-like organ 

positioned underneath their bodies.  This foot, which 
extends along the length of their bodies, gave rise  to 
their class name, which is composed of the ancient 
Greek words for  “stomach” (gaster) and “foot” 
(pous).  

Most shelled gastropods (snails) have a one-peice 
spiraled or coiled  shell.  At its base, the shell con-
tains an “aperture”, or large  opening, into the which 
organism can withdraw.  The shell spiral ends  at a 
point on its top called the apex.  Gastropod shells 
possess a  “chirality”, or handedness, depending upon 
which side of the shell the  aperture is positioned when 
opening toward you with the apex  positioned above 
it.  If the aperture appears on the right side of  the 
shell when opening toward you, the shell is said to 
be  “right-handed”.  If it appears on the left side of the 
shell when  opening toward you, the shell is said to be 
“left-handed”.  

Gastropods are thought to have first appeared in the 
Late Cambrian  period, around 497 million years 
ago.  The best fossilized specimens,  however, date to 
the Ordovician period, during which the gastropods  
included a diverse array of species, some of which 
persist to this  day.  

Fossilized gastropod from Muskingum County. Photo/James St. 
John (CC BY 2.0). 

Gastropod anatomical drawing (public domain).

Anatomy

History

Gastropod fossil from Canyon Lake in Texas. Photo/Larry D. 
Moore (CC BY-SA 4.0)

Habitat
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Plan for Assessment 

We feel it is important for any product to be part of an iterative life cycle, and to plan up front for the 
monitoring and evaluation. In the interest of providing for future revision of our education kit, Discover 
Ohio Fossils , we plan to distribute a “ Presenter Survey” with each kit. The survey will be filled out by the 
presenter of the kit activities, just after having used them in a “ live” environment, interacting with actual 
students during an event.  

In awareness of time limitations, the survey is designed to be quick and easy, with two likert-style 
questions (with balanced positive/negative scale), two multiple choice selections, and two open-ended short 
answer questions. The questions are aimed at ascertaining both the opinion of the instructor on the 
success with educational goals, and the impression the presenter had of the level of engagement and 
enthusiasm on the part of the students.  

The questionnaire will yield both qualitative and quantitative data. Microsoft Excel will be more than 
adequate for performing any necessary data analysis, due to the nature of data being collected we  do not 
anticipate a need to investigate mixed effects or doing higher order modeling of any kind.  

Periodically, activities can be revised and refined based on this feedback to improve the overall experience. 
As becomes necessary, the survey form itself can be modified to coincide with changes in the revised 
activity.  

The survey is available in this pdf document and online as https://forms.gle/o6BEBDNrgZwkgrbo9.  

https://forms.gle/o6BEBDNrgZwkgrbo9


Discover Ohio Fossils:
Presenter Survey

This survey provides the opportunity for you, the presenter, to reflect
upon the design, content, and utility of the activities and materials in
this kit. You can use this survey to inform how you might present this
kit in the future, and you can share your thoughts with us by submitting
your answers through this link: https://forms.gle/o6BEBDNrgZwkgrbo9.
We’d love to know what you think!

1. On a scale from 1 to 5, how well did this kit meet your educational goals or requirements?
(1 = Not very well, 5 = Exceptionally well)

© 1 © 2 © 3 © 4 © 5

2. On a scale from 1 to 5, how engaged were the students with the activities? (1 = Not
engaged, 5 = Enthralled)

© 1 © 2 © 3 © 4 © 5

3. Which activities were the most effective and/or engaging? (Check all that apply.)

© Fossil hash sketch

© Brachiopod dichotomous key

© Reflection on the importance of natural history

© Reflection on the importance of taxonomy
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4. Were there any activities that students struggled to complete or understand? (Check all
that apply.)

© Fossil hash sketch

© Brachiopod dichotomous key

© Reflection on the importance of natural history

© Reflection on the importance of taxonomy

5. Did you structure the activities exactly as described or did you use the kit materials in
other creative ways? Please describe.

6. Is there anything else that you would like us to know about the kit or its materials? Do
you have any suggestions about activities to add or remove? Do you have any suggestions
about informational materials to add or remove?
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