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Like Holding a Time Machine
											by Caitlin Paynich

M

ost often, research starts with a question, a need
or desire to learn more about a particular subject,
idea, or solution, but answering those questions
can be limited by the resources available. That’s what
Wooster graduate April Arquilla ’17 found when she
decided to study coral snakes—a group of snakes found
primarily in Latin and South America—in her Independent
Study. While she and her advisor, biology professor Rick
Lehtinen, traveled to Costa Rica as part of a larger
research excursion, Lehtinen pointed out that finding
snakes in the wild can be harder than you think. Instead,
to complete her study, Arquilla relied on specimens of
snakes found in scientific collections around the world.
Above: Kathy (Bremar) Hollis ‘03. Photo: Paul Fetters for the
Smithsonian Institution. Mural courtesy of the Smithsonian Institution,
National Museum of Natural History
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In the same way that books open windows into history and
capture information, collections like those Arquilla found
act as time capsules and tools for researchers and scientists. In fact, Wooster alumni like Kathy (Bremar) Hollis
’03, John Sime ’09, Erica Clites ’06, and Kristina (Brady)
Shannon ’03 take pride in ensuring these collections
continue to offer opportunities to ask questions that the
scientists who discovered them never imagined.

A Different Kind of Library

Hollis likens scientific collections—composed of frozen
tissue, bones, preserved specimens, or fossils—to a library
of books with infinite possibilities: “You never know how
they’ll use what they’re reading,” she said. She manages
the paleobiology collection in the National Museum of
Natural History at the Smithsonian Institution, with 40 million items, one of the largest fossil collections in the world.

“It’s being part of the bigger picture of scientific pursuit.”

									- Kathy Hollis ‘03

These round holes
come from bite
marks attributed
to a mosasaur,
the swimming
reptile whose
fossil remains
are also found
along the
Colorado
Front Range.

Photo courtesy of the Smithsonian Institution,
National Museum of Natural History

“Scientific collections provide data to answer questions
such as ‘What was living, in what place, at what time?’
‘What was the ecology like?’ ‘How was the world different
in the past?’” And further, these specimens together can
help answer questions that may be asked in the future,
Hollis explained. “Research is only limited by the questions you can ask. Specimens collected for specific studies
70 to 100 years ago are still invaluable for future research.”
For Hollis, making specimens available for research often
takes the form of standardization, but organizing natural
history is different from cataloging a library of books by
subject or author. “Because the collection at the Smithsonian has been around for so long, it hasn’t always been
standardized in the same way.” She explained that as
the science changes, the organization and information
retrieval system needs to continue to evolve as well. “We
have collections that are organized by genus and species
names, but those names may have been revised multiple
times,” she said. “Others are organized stratigraphically;
each layer of rock represents a different point in time, but
names of strata change as well, so fossils are challenging
to standardize in a physical order. Physical organization is
really important until we have a complete digital database

What can this fossil tell us?
This specimen is an ammonite,
an extinct shelled cephalopod
or ancient form of squid related to
the modern nautilus, distinguished
by a chambered shell.
Collected in Pueblo County, Colorado by
U.S. Geological Survey scientist Glenn R.
Scott on Aug. 6, 1970, specimens like this
confirm ocean once covered Colorado.
Discovered in the Late Cretaceous period, this
ammonite is from in an inland seaway that once
stretched from modern-day Canada to Mexico.

of the collection that tells us which case, in which drawer,
on which floor we can find a specific fossil.”
Though finding effective ways to present fossils in the
collection to researchers offers a challenge, Hollis has
come to really enjoy that aspect of her work. Like many
geology majors at Wooster, Hollis found a mentor in
Professor Mark Wilson, and she has always been interested in rocks. “As a kid, I even remember giving rocks
as presents,” she says. “I thought everybody liked them.”
She says Wilson served as an amazing mentor and also
helped reinforce her passion for science and remaining
curious about the world.
“When I first decided to pursue museum work, I really
loved the idea of just me and the fossils and being a little
removed from people,” said Hollis. “I quickly learned that’s
not really the point of scientific collections. They’re really
vibrant resources, and they exist to serve the needs of the
scientific community.” She particularly enjoys becoming
that scientific librarian and assisting scientists and researchers in finding novel ways to answer their questions using the
data within the collections. “Being able to support science
and being part of the scientific process is my favorite
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Above: Kristina (Brady) Shannon ’03 (left)
and her team examine and label a lake core
section, ensuring all the appropriate data
are collected. Photo: J. Clark, Smithsonian’s
Human Origins Program

part of collections work. It’s being part of the bigger picture of scientific pursuit.”

The Bigger Picture of Scientific Pursuit

John Sime, a graduate of Wooster’s geology program
and a Ph.D. student at the University of Pennsylvania in
the Department of Earth and Environmental Science, sees
collections as possibilities for scientists and researchers
to pursue. “Paleontologists bring a scientific imagination
that recognizes the potential for fossils to answer questions about the history of life. In collections, there is the
possibility of opening up a drawer and finding something
new,” he said. “There are species described every year
that are discovered not in the forests of the Amazon, not
at remote locations, but in collections where they’ve been
waiting—sometimes forgotten because of lack of resources—and later found and identified as new species.”
Sime frequently uses the collections at the Academy of

Crab specimen from Monterey, California
Photo: Costas Soler and Sheila Steiner,
University of California Museum
of Paleontology
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Natural Sciences of Drexel University in Philadelphia—
where he first volunteered at age 13—to explore bigger patterns of evolution that explain the diversity that
we see around us. “I’m using fossils to test different
hypotheses about how animal life has diversified over
many millions of years,” he said. Further, he explained
that through collections of fossils collected over time,
today’s researchers can answer new questions the early
scientists who collected them never considered. Early
scientists in the 19th century mapped time based on the
fossil organisms they found. “They were creating a roadmap to find mineral resources by asking questions like
‘In what layers am I likely to find coal or oil?” Sime said,
but today the questions have changed. “Paleontology
has shifted its focus to questions that involve ecology
and evolution.”

T

oday, Wooster geology alumna Kristina (Brady)
Shannon is looking at layers of sediment with those
modern questions in mind. As curator at LacCore,
the National Lacustrine Core Facility, at the University of
Minnesota, Shannon and her team work with researchers
to study cores extracted from current lakes and paleolakes (places where lakes used to be) all over the world.
“Collecting a core is like putting a straw into a glass of
water, putting your finger on top and pulling it out,”
explained Shannon. “In each core tube, the material at
the top is going to be the youngest and the stuff at the
bottom is going to be the oldest. In the lab, we split
that tube lengthwise to examine the layers and other
structures to see what they reveal about changes in the
environment over time or answer other questions.”
Much of their work is in the field collecting samples with
researchers. “I really love the fieldwork and that started
with course field trips and the work that I was doing in
the geology department at Wooster,” said Shannon. She

April Arquilla ’17 studied this
specimen of the mussurana (Clelia
clelia) from the Academy of Natural
Sciences of Drexel University for her
I.S. Photo: N. Gilmore/ANSDU

“There are species described every year that are discovered not in the forests
of the Amazon, not at remote locations, but in collections...” - John Sime ‘09
												

and her team take those field samples and work with
Minnesota lake associations to analyze environmental
conditions. For example, they can look at a core from a
swimming lake that’s become overcrowded with algae.
“The cores can tell us how changes to the landscape may
have impacted what’s gone on in and around the lake,”
said Shannon. The researchers can then ask questions
like: “How have pavement and road salt affected the
sedimentation and water quality in the lake? What did
the system look like before and are there changes we can
make to the area around the lake to get back to a more
natural state?”
By definition scientific collections pull together multiple
items to answer scientific questions, but these Wooster
alumni have noticed a growing trend toward further
enhancing collections through digitization or digital
specimen records and images. Digitizing a specimen
is not like snapping a picture on your cell phone, jokes
Hollis: “It’s easy to take a picture, but an image of a
specimen needs to be a scientifically useful picture and of
digital archival quality. The digital representation needs
to be able to be measured and analyzed. When we put
3D image datasets of specimens online, researchers
anywhere in the world can have a replica.” Hollis and
her team at the Smithsonian, for example, are currently
working on a digitization project that is part of a larger
partnership involving nine museums and managed
by Wooster alumna, Erica Clites. A museum scientist
focusing on invertebrate collections at the University of
California Museum of Paleontology at Berkeley, Clites
credits her Wooster experience for supporting not only
her geology knowledge but also her writing and speaking
abilities which are critical to effectively managing the
Eastern Pacific Invertebrate Communities of the Cenozoic
project, EPICC for short.
Right: John Sime ’09 examines
a fossil cephalopod, a group that
includes squid and octopuses.
Photo: Courtesy of John Sime

Bivalve from Atacama Province, Chile
Photo: Costas Soler and Sheila Steiner, University
of California Museum of Paleontology
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Fossils found along the
eastern Pacific coastline

“Coordinating with eight different institutions is really
facilitated by being able to be clear in my writing and being comfortable speaking in front of groups,” Clites said.
EPICC will digitize a collection of marine invertebrate
organisms from along the eastern Pacific coastline all the
way from Alaska to Chile. This collaborative of museums
will create a digital dataset based on a combined collection of 1.6 million invertebrate fossil records of what was
living along the eastern Pacific coast from the end of the
era of the dinosaurs to about 10,000 years ago.

Canada

57

“It’s not just one type of fossil but everything found in
that area: bivalves, gastropods, decapods, crustaceans,
barnacles, echinoderms, and more,” said Clites. While
similar studies have been done more locally, EPICC will
allow researchers to study the area on a much larger
scale. “This is especially neat for this area because it’s
(arguably) the largest continuous coastline in the world
and the arrangement of the continents has been this way
for most of the past 66 million years. It gives us a chance
to look at, over a wide variety of environments, how ocean
temperature is changing over time,” she said. Studying the
organisms in the compiled collection will allow scientists to
study these climatic and environmental patterns in different
ways and might in the future answer questions Hollis and
Clites haven’t anticipated.

United States

16,215

Mexico

1,079

The numbers for each country represent locations
where scientists from the University of California
Museum of Paleontology collected fossils relevant
to the EPICC project. One location might have from
one item up to thousands of items.
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Building up these scientific collections like a database
allows them to continue to act as primary data in research.
“Our goal is to scale up the data from one fossil not just in
the collection here at the Smithsonian but all natural history
collections,” said Hollis. “We’re taking a big data approach
to analyzing what collections can tell us by working with
the natural history community to create a dataset of
specimens in collections worldwide.”

Encope (echinoid) from Baja California, Mexico
Photo: Costas Soler and Sheila Steiner, University
of California Museum of Paleontology

“We’re able to back up assertions people make in their papers
with evidence found in physical collections.”
- Erica Clites ’06

Providing a Dataset for the
Unwritten Questions

As the dataset grows, the role collections play in scientific research becomes more visible as part of the process,
especially when studying organisms that no longer exist.
“Collections are a critical piece that people don’t think
about as often as research papers, experimental trials, and
other aspects,” said Clites. “They underlie all of that and
make it possible. We’re able to back up assertions people make in their papers with evidence found in physical
collections.”
While making collections as accessible as possible for
research makes up a large part of collections management, Hollis explains how her work is a little like a balancing act. “We’re in the forever business. The more that
you access and handle a fragile fossil, you put that fossil
at risk, but if you lock that fossil up and make sure that
nobody breathes on it, no one can see it or study it,” she
said. Hollis, Clites, Sime, and Shannon, use their training
and experience to balance those two factors. “We want to
provide the highest level of access to the collection that
allows researchers around the world to use our specimens
as a resource,” said Hollis. “The accountability part is making sure that those specimens are preserved and available
in perpetuity.”
For scientists around the world and Wooster students deep
in the I.S. process like April Arquilla, the curators of scientific collections steward a process that can provide answers
to questions that cannot be found in a book or a trek across
the rainforests of Costa Rica. As Professor Lehtinen explains
it, “There has to be a physical object that we can point to. If
you get lots of information from lots of specimens, from lots
of collections, you get, certainly not complete knowledge,
but it’s a little bit like having a time machine.” n

Above: Erica Clites ’06 references a drawer
of specimens from the EPICC project.
Photo: University of California Museum
of Paleontology, Berkeley, California
Right: Kathy (Bremar) Hollis ’03
holds two 350 million-year-old
crinoid fragments from Kentucky.
Photo: Paul Fetters for the
Smithsonian Institution

Barnacle specimen from central California
Photo: Costas Soler and Sheila Steiner, University
of California Museum of Paleontology
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In Closing
Sending Fossils into
the Future
“Somebody collected these shells in the
1800s and put them in a drawer. Now in the
21st century, we can use modern tools and
make discoveries on old specimens,” said
Mark Wilson ’78, the Lewis M. and Marian
Senter Nixon Professor of Natural Sciences
and Geology at Wooster. Along with researcher Paul Taylor, Wilson recently used
a scanning electron microscope to reveal
bacterial mats on a 450-million-year-old
shell in the collection at the Natural History
Museum in London.
“These bacterial mats encrusted the
shells and were essentially unknown to
us prior to finding these fossils. Knowing
now what kinds of bacteria these were
changes our models of the ecology of these
encrusting communities,” Wilson explained.
“This demonstrates the value of museums
and the curators who manage collections.
We can look at specimens no one has ever
looked at in that much detail before and find
cool things that no one knew were there.
Until we had that technology, who would
know?” Wilson said. “When you collect a
specimen and save it in a museum, you’re
sending it into the future.” Read more about
collecting science and the role of curators
of scientific collections inside.
Professor Mark Wilson and his student examine specimens from Wooster’s geology collection.

Photo: Matt Dilyard

