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By Shari Ellis 

Bonnie Jacobs is a renowned paleobotanist in the 
Roy M. Huffington Department of Earth Sciences 
at Southern Methodist University. She studies 
fossil plants—from microscopic cells to 
macroscopic leaves, fruits, seeds and wood. 
Bonnie has conducted field work in Texas and 
New Mexico as well as Kenya, Tanzania and 
Ethiopia. 
 
Bonnie is perhaps best known for her work with 
leaf fossils to interpret past climate change. The 
size and shape of leaves along with information 
about the environment where modern relatives of 
the plant live are used to estimate average annual rainfall and temperature. When plants are 
very well preserved, even the leaf surface can provide clues to the past.  
 
A type of leaf structure that is especially informative is the stoma (plural: stomata), an 
opening in the leaf surface through which carbon dioxide goes in and oxygen and water 
vapor go out. Scientists have found a relationship between carbon dioxide concentration in 
an environment and the relative frequency of stomata for some species of plants.  As Bonnie 
explains, “If you look at dried pressed plants—say a red oak—from 1910, 1920, 1930, and on 
to 2010, you will see that the frequency of stomata on the leaf surface decreases as carbon 
dioxide in the environment increases. So, if you have a fossil red oak leaf, you can plot the 
relationship and estimate the paleo carbon dioxide concentration.” In that way, fossil plants 
help us understand past climate, which is essential for testing the accuracy of computer 
models of the potential impact of present-day climate change on the Earth’s ecosystems.   
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Continued from page 1 

Bonnie’s path to the world of macrofossils seems to combine a little bit of inevitability with 
luck or happenstance. As a child growing up in New York City, she loved ancient things. “I 
loved the American Museum of Natural History and the Metropolitan Museum of Art. I 
would breeze through the art and head straight to the mummies and Egyptian artifacts.”  At 
SUNY Buffalo she continued to nurture her broad interests in nature and ancient cultures, 
creating her own degree in geology and anthropology with an emphasis on archaeology. 
Bonnie’s pursuit of interdisciplinary research led her to the University of Arizona for 
graduate school. She initially planned to do geological work in relation to an archaeological 
context, but took a course in palynology—the study of pollen—and grew interested in 
older and older time periods. And frequent field work opportunities in Mexico offered by 
the University of Arizona sparked an interest in the Neotropics. 
 
Bonnie collected 42,000-year-old fossil pollen from the southwestern U.S. for her 
dissertation; however, much of the analysis actually took place in Kenya because her 
husband, Louis Jacobs, had taken a job at the National Museum of Kenya. Today, Bonnie 
acknowledges she was very worried about her move to Africa. “While I had my samples, I 
had no idea whether there would be any microscopes. Also, I had no colleagues or friends 
to talk about my work, no library and, of course, no internet. I was very worried. The 
museum was very poorly equipped, but I was able to use amazing lab facilities run by a 
retired Harvard professor that was funded by the World Bank and used primarily by foreign 
researchers studying animal diseases.” 
 
Upon completing her degree, Bonnie was awarded funds to study African macrofossils. She 
observes, “Kenya offered tremendous potential for studying human evolution and 
environments, but there was not much work documenting the environment of human 
evolution in relation to plants. The pre-Pleistocene record was completely blank so the 
opportunity just presented itself!” Until recently the only American to study African 
macrofossils, Bonnie’s excitement is still palpable: “The time period during the transition 
from Oligocene to Miocene is very exciting. Talk about real ecosystem change! 24 million 
years ago, Africa was connected to Eurasia and there was a big turnover in faunas. It was at 
the time that the classic Africa fauna was established. So the question is, how did grasslands 
evolve?” 
 
When asked about the role of amateurs in the field, 
Bonnie acknowledged they play many important roles. 
“One of the roles that first comes to mind is the critical 
eyes on the ground. Another role is outreach. They reach 
large numbers of people of all ages and turn people onto 
science!” Bonnie stressed the role clubs play in educating 
the public, “Clubs are critical for getting the word out to 
folks about what science is and why science is important! 
And not just about cool dinosaurs, but about 
paleoclimate and modern day climate and extinction, the 
processes of science and preponderance of evidence.” 
 
You can read more about Bonnie’s research in Africa in her contributions to the New York 
Times “Scientist at Work” blog. 
 
Bonnie is part of the GroundWork Dallas project that includes scientific research and 
educational outreach. 
 
You can read one of Bonnie’s research papers on the evolution of the African grasslands 
here. 
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by Steve Miller & Susan Passmore  

The Western Interior Paleontological Society (WIPS) is a Colorado-based nonprofit organization that promotes scientific and 
educational activities related to paleontology. WIPS was formed in 1985 by a small group of paleontology enthusiasts who 
wanted to create a regional organization for anyone interested in fossils and the science of paleontology, as its name 
suggests. Today, WIPS has approximately 500 individual, family and institutional members—ranging from amateur/
avocational to professional and academic. 

Although not sponsored by a museum like some fossil clubs, 
WIPS holds its monthly meetings at the Denver Museum of 
Nature & Science from January through May and September 
through November. A number of the Society’s members are 
actively involved with the museum as volunteers and have 
earned museum certification in paleontology.  

Each year, WIPS develops and offers about a dozen field trips 
to different places across the Western Interior and 
sometimes beyond. Field trips provide activities that appeal 
to a wide variety of paleontological interests—from casual 
responsible collecting, to geological/paleontological surveys, 
to providing or supporting research opportunities. For 
example, some WIPS field trip leaders have established 
cooperative relationships with the BLM and the USDA Forest 
Service to obtain special use permits and establish formal 
repository arrangements for scientifically important 
specimens.  

WIPS takes the same thoughtful approach for its field trips on private land. WIPS members have visited an area northeast of 
Pueblo, Colorado, for over 20 years to collect Cretaceous-age marine fossils, and have made some significant discoveries there 
regarding the lives of mosasaurs and the identification of a new crustacean. Field trips to McCoy, Colorado, resulted in the 
discovery and description of a new species of Pennsylvanian crinoid, Sciadiocrinus wipsorum, which was named after WIPS. 

 

Education and outreach are a growing part of WIPS’ activities. These 
efforts include working with schools to donate fossils for scientific 
instruction and participating in public events like Discovery Days at 
Dinosaur Ridge west of Denver. As one of the local earth science 
organizations that sponsor the annual Denver Gem & Mineral Show, 
WIPS always has a table at the Show, complete with activities for 
kids, (and information for adults) promoting paleontology. To 
celebrate the National Park Service’s National Fossil Day in 2013, 
WIPS presented a display and hands-on activities, and talked fossils 
with visitors, at the Denver Museum of Nature & Science. 

On the professional side of outreach, WIPS is an Associated Society 
of the Geological Society of America, and participated in GSA’s 125th 
Annual Meeting in Denver in 2013. In addition to having an exhibit at 
the meeting, WIPS led a field trip to southeastern Colorado for GSA 
attendees.  

Club Corner: Western Interior Paleontological Society Volume 1, Issue 3, Sept. 2014 

 

Sciadiocrinus wipsorum  

bottom view, from Webster and Houck, 1998  

This crinoid, a relative of modern sea urchins, lived 300 million years ago. It was discovered by 

a WIPS member and named after the Society.  

Collecting in the Pennsylvanian at McCoy, Colorado 

WIPS members at the 2013 Denver Gem & Mineral Show  
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Continued from page 3 

Every other year, WIPS organizes and presents the Founders Symposium, created in 1999 to honor the individuals who formed 
the Society. This two-day event is a celebration of paleontology that features the work of professional scientists, avocational 
paleontologists, natural science artists and others through talks, posters 
and displays as well as workshops and occasional field trips. Symposium 
themes have included Ice Worlds and Their Fossils, Paleoclimates, 
Extinctions, and the Eocene/Oligocene. The next Founders Symposium—
Fossils & Flight—will take place March 14-15, 2015 at the Colorado School of 
Mines. 

Proceeds from the Founders Symposium, other fundraising activities and 
donations fund WIPS’ grant and scholarship programs. Since they began in 
the mid-1990s, these programs have provided over $30,000 to support 
research and education in paleontology.  

Other activities that WIPS members are involved in include: 

 Cataloging the fossil collection at the Colorado School of Mines, a task 
that involves tens of thousands of specimens some of which were 
collected by Arthur Lakes in the 19th century  

 Forming special interest groups to study invertebrates and scout new 
locations for field trips based on old localities 

 A WIPS Fossil Club for Kids, an active engaged sub-group for young people with its own set of field trips and meetings with 
hands-on learning activities 

 

 

 

 

 

 

 

Membership in WIPS is open to anyone, whether you are slightly interested in fossils or have a deep 
and long-running passion for paleontology. To learn more about WIPS, visit westernpaleo.org, or check 
out the Society’s Facebook page. 

Club Corner: WIPS Volume 1, Issue 3, Sept. 2014 

Members participate in citizen science projects like helping 

catalog fossils at the Colorado School of Mines Geology 

Museum  

The next Founders Symposium 

—Fossils & Flight—will take 

place March 14-15, 2015 at the 

Colorado School of Mines. 

Check out the Founders 

Symposium Facebook page at 

https://www.facebook.com/

WIPS.Founders.Symposium. 

Junior paleontologists, their parents and grandparents enjoy 

WIPS fossil club for younger members. 

http://www.westernpaleo.org
https://www.facebook.com/WesternInteriorPaleontologicalSociety
https://www.facebook.com/WIPS.Founders.Symposium
https://www.facebook.com/WIPS.Founders.Symposium
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Submitted by Stephen Godfrey, Calvert Marine Museum 

Although peccaries resemble pigs, they actually occupy their own family —the Tayassuidae. They are artiodactyls (i.e., the 
even-toed ungulates), a large group of herbivores that includes pigs, hippopotamuses, camels, llamas, deer, giraffes, 
antelopes, sheep, goats and cattle. Remarkably, artiodactyls and whales (Cetacea) share a common ancestor as indicated by 
their DNA and anatomy. Consequently, they are grouped together into the Cetartiodactyla (from Cetacea + Artiodactyla).  

 

Like extant peccaries that live in social herds, their Miocene 
antecedents probably did likewise. Based on the number of 
peccary bones and teeth in the vertebrate fossil collection at the 
Calvert Marine Museum, Solomons, MD, they were amongst the 
most common land mammals living on the Atlantic Coastal Plain in 
Maryland during the Miocene epoch. Having said that, their 
remains are still very rare locally; which is why a recent discovery 
and donation to the museum is a very important addition to our 

collection.  

 

Featured Fossil: Miocene Peccary Lower Jaw  Volume 1, Issue 3, Sept. 2014 

Figure 1. The collared pecca-
ry (Pecari tajacu) lives in the 
southwestern United States, 
and south into Central and 
South America. They are also 
known as Javelina, i.e., 
“javelin” in reference to 
their fearsome canines (see 
Fig. 2), which they will click 
together to warn predator’s 
to steer clear. Peccaries are 
omnivores, so they will eat 
small animals, but they seem 
to prefer to feed on plants.  

Image from: http://
thepantanalsafa-
ri.blogspot.com/2014/02/
invasive-species-threat-feral
-pig.html 

Figure 2. Lower jaw of a modern collared peccary (Pecari tajacu, 
Fig. 1) in right lateral and dorsal views respectively. Notice the 
large canines, which are missing in the fossil peccary jaw (Fig. 3) 
that was found along Calvert Cliffs. Like many species of 
mammals, peccaries have a wide diastema (literally, a long gap) 
as a normal feature, between its canines and premolars. Scale 
bar is in centimeters. 

http://www.calvertmarinemuseum.org/news/publish/
http://thepantanalsafari.blogspot.com/2014/02/invasive-species-threat-feral-pig.html
http://thepantanalsafari.blogspot.com/2014/02/invasive-species-threat-feral-pig.html
http://thepantanalsafari.blogspot.com/2014/02/invasive-species-threat-feral-pig.html
http://thepantanalsafari.blogspot.com/2014/02/invasive-species-threat-feral-pig.html
http://thepantanalsafari.blogspot.com/2014/02/invasive-species-threat-feral-pig.html
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Continued from page 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The peccary lower jaw, attributed to Dicotyles protervus Cope 1868, in Figure 3 was found by Mike Ellwood (a member of the 
Calvert Marine Museum Fossil Club) in a block of sediment that had fallen from Calvert Cliffs. When he first spotted this 14-15 
million-year-old jaw, waves from an incoming tide were already pounding at it; a rescue excavation was initiated immediately. 
Although he was able to save most of the jaw, the Chesapeake Bay claimed several incisors. In spite of those losses, this is the 
most complete peccary jaw that has ever been found along Calvert Cliffs. 

That the fossilized remains of peccaries are rare along the cliffs comes as no surprise. The sediments that comprise these 
naturally eroding sea cliffs were deposited in a marine setting, not the place one would expect to find peccaries. Bloat-and-
float is the easiest way to imagine the carcasses of large terrestrial animals finding their way out into the Miocene Atlantic 
Ocean. 

Peccaries originated in Europe during the Late Eocene epoch. From there, they made their way to all continents except 
Australia and Antarctica, but then they became extinct in the Old World sometime after the Miocene. About three million years 
ago peccaries first entered South America during what is known as the Great American Interchange when the Isthmus of 
Panama connected North and South America.  

Featured Fossil: Miocene Peccary lower jaw  Volume 1, Issue 3, Sept. 2014 

Figure 3. Mike Ellwood found this nearly complete lower jaw of the Miocene peccary, Dicotyles protervus 
Cope 1868. The right half of the lower jaw (i.e., a ramus) does not quite attach to the broken midline sec-
tion of the left ramus. Notice also that the large lower canines (seen in the extant peccary shown in Fig. 
2) and all but one incisor are missing, otherwise, this peccary jaw is the most complete one known from 
along Calvert Cliffs. Hands by K. Porecki, photos by S. Godfrey. 
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Celebrate National Fossil Day, October 15! 

By Jason Kenworthy and Vincent Santucci, National Park Service 

Celebrate National Fossil Day, October 15, 2014! 

Fossils are an integral part of our national heritage. Fossils have 
been found in every state and span well over a billion years of 
geologic time. They have defined our understanding of the history 
of life on earth and provide clues for life on a changing planet. 
Millions of Americans are inspired by fossils every day at 
museums, parks and fossil sites. 

There are plenty of reasons to celebrate!  

National Fossil Day is a celebration organized by the National Park 
Service, the American Geoscience Institute, and more than 300 
partners across the country to promote public awareness and 
stewardship of fossils, as well as to foster a greater appreciation 
of their scientific and educational values. National Fossil Day is 
held annually on the Wednesday of Earth Science Week and will be 
celebrated on October 15 in 2014. The first National Fossil Day was 
held in 2010 and since then, hundreds of events have been hosted 
nationwide.  

National Fossil Day is very much a local celebration and hosting a 
National Fossil Day event is an opportunity to highlight the stories 
told by fossils near you and how they contribute to stories told 
across the country. Fossil clubs and societies are one just one type 
of partner and we encourage your group to consider becoming a 
partner and hosting an event. If you’re not sure how to get 
started, check out the National Fossil Day event hosting page for 
ideas and more information about joining the National Fossil Day 
parternship, identifying, planning, registering and promoting your 
event. The type of event is completely up to you. Past events have 
included fossil identification tables, special lectures, field trips or 
even a sing-a-long with the National Fossil Day song. Some groups 
incorporate the National Park Service Junior Paleontologist 
activity book  for kid-friendly events. 

The National Fossil Day website  is the source for all things National 
Fossil Day. At the website, you can learn more about the day and 
events across the country. You can access fossil-themed group 
activities, meet more than 300 partners and visit fossil parks and 
sites. Monthly feature articles highlight partners and their 
spectacular fossil stories. An annual art and photography contest provides opportunities for you to showcase your artistic 
talents. The “Kid Stuff” pages include stories about kids in paleontology, “meet a paleontologist” and online games and 
activities. Every year artwork is produced that features a fossil or ancient ecosystem from the United States. This year the logo 
features a Triassic reptile known as an aetosaur (aeto = “eagle”; saur = “reptile”) and the website highlights partners 
preserving Mesozoic ecosystems. You can also visit National Fossil Day on Facebook and Twitter. 

For more information or to get involved with National Fossil Day, contact the NFD team at 
national_fossil_day@nps.gov.  

Volume 1, Issue 3, Sept. 2014 

The 2014 National Fossil Day artwork features a Triassic 
reptile called an “aetosaur.” Learn more about the artwork 
and celebrating National Fossil Day at  
http://nature.nps.gov/geology/nationalfossilday/.  

http://nature.nps.gov/geology/nationalfossilday/
http://nature.nps.gov/geology/nationalfossilday/partners.cfm
http://nature.nps.gov/geology/nationalfossilday/partners.cfm
http://www.earthsciweek.org/
http://nature.nps.gov/geology/nationalfossilday/hosting.cfm
http://nature.nps.gov/geology/nationalfossilday/jrpaleo.cfm
http://nature.nps.gov/geology/nationalfossilday/jrpaleo.cfm
http://nature.nps.gov/geology/nationalfossilday/index.cfm
http://nature.nps.gov/geology/nationalfossilday/nfd_2014_artwork_fossils.cfm
https://www.facebook.com/NatlFossilDay
https://twitter.com/NatlFossilDay
http://nature.nps.gov/geology/nationalfossilday/
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Amateur Spotlight—Zack Deyo 

By Louis Stieffel, President, Fossil Club of Lee County  

We participate in and enjoy a unique hobby. Most people usually express surprise and 
comment "Really?" "Here?" when we explain that we collect fossils, especially here in SW 
Florida. So, frequently we are asked to provide a speaker for small groups, explaining our 
fossil hunting and collecting adventures. We are very fortunate to have someone in our fossil 
club who actively seeks out these opportunities to share the knowledge, adventure and 
passion of paleontology, especially to the children. His name is Zack Deyo.  

It is surprising, though, that this particular member is 
doing this, because, you see, Zack is only 15 years old! 
And, he has actually been giving talks for over a year 
already, and has recently expanded his involvement by 
leading actual fossil hunting trips for school age groups.  

Zack is, believe it or not, very quiet and almost painfully 
shy at our meetings. Yet he overcomes this and does 
what most folks do not want to do--speak before a 
public group. To see Zack at a meeting you would never 
guess he does public speaking, yet he does, and is 
growing quite a long list of engagements. Some of his 
talks included a RSW Airport lecture for TSA employees, 
two lectures and fossil displays at the Golisano Children's 
museum of Naples, two lectures at the 2013 National Fossil Day Show, a senior lecture at the 
Emeritus assisted living facility, and a talkat Dino Days at the Coconut Point Mall in Estero; 
Zack also headed a shark camp in Naples at the end of July and led a river fossil hunt for the 
club during the low water season.  

As the club president I usually get the requests from 
groups who express a desire to have a talk about fossils. 
Zack makes my job of lining up a speaker for these 
groups easier, as he is always willing to do so, as long as 
school work allows. His dad supports him fully in his 
speaking endeavors and helps get him to the various 
locations, because, you see, Zack is still too young to 
drive! Zack is an asset to the Fossil Club of Lee County 
and we are glad he is such an integral part of our 
organization.  

Zack will be a sophomore in high school this year and will 
be facing new adventures in school, but still plans to 

continue his public speaking and opening the eyes and minds of the uninitiated to the 
wonders and knowledge of paleontology!  

 

 

FOSSIL Project  
Announcements  

 
The FOSSIL Project is       

developing a lineup of     

distinguished speakers who 

are available to visit fossil 

clubs and paleontological 

societies across the country. 

Topics will vary. Contact 

fossil@flmnh.ufl.edu if you 

are interested in hosting a 

speaker. 

______________________ 
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Zack Deyo, age 15,  

Fossil Club of Lee County 

Zack presenting to children 

Do you have a club member or know an amateur whose contributions 
you would like us to highlight? Please contact Shari Ellis, newsletter 
editor at sellis@ufl.edu. 

mailto:fossil@flmnh.ufl.edu
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FOSSIL Project Updates and a View Toward the Future 

By Bruce MacFadden  

The FOSSIL project is just completing its first of the four years of funding from the National Science Foundation (NSF). We have 

been busy both with recent activities and plans for the upcoming year. As examples of recent activities, FOSSIL folks have 

given talks at diverse venues, including the North America Research Group (NARG), Oregon (Manchester), The Fossil Club of 

Lee County, Florida (Hendy & Hendy), the Memorial Day Fossil Festival in Aurora, North Carolina and Friends of the Calvert 

Marine Museum in Solomons, Maryland (MacFadden). 

The FOSSIL project is also well represented at national professional meetings, including the National Association of Research in 

Science Teaching (NARST) in Pittsburgh, Pennsylania (Crippen), NSF Informal STEM Summit in Washington DC (MacFadden) 

and soon to be at the Geological Society of America in Vancouver, Canada (A. Hendy, Lundgren) and Association of Science 

and Technology Centers (ASTC) in Raleigh, North Carolina, MacFadden).    

At the NSF Summit, Bruce co-led a panel about communication with scientists and participated in a 

workshop on the importance of social media in networked communities. Related to the latter, we 

are finding that the social media is becoming increasingly more important in our FOSSIL community 

(see Our Facebook Recap). In fact, some of the discussion at the STEM Summit workshop focused 

on how social media is segmenting audience communication, i.e., some participants using 

Facebook receive rapid communication, whereas others that wait for a newsletter will have less 

rapid communication; and the latter is of particular importance with time-sensitive activities. The 

FOSSIL project has been discussing how we might be able to better understand this communication 

dynamic and how what we learn might inform other learning communities with segmented 

audiences. 

There are many exciting opportunities on the horizon for the next year. We are currently working on a new FOSSIL 

collaborative web site, which will be launched soon. We will be participating in two fossil exhibits to be featured at the Florida 

Museum of Natural History, Megalodon and then A T. rex named Sue. We are looking for a venue for the 2015 Annual ALL 

hands meeting, which will be focused on “Celebrating Collections in the 21st century.” At that meeting we will partner with the 

iDigBio project to promote the national digitization of natural history collections.  

We also are planning a three-day field trip to the Nebraska badlands during the second week of August, co-sponsored with the 

Panama PIRE project. We will have about 15 spaces for FOSSIL participants and will learn together about the rich paleontology 

of this region, as well as collect fossils for K12 educational kits. We look forward to your ideas and possible participation in 

these activities. 
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Are you 

following us 

on Facebook 

and Twitter? 

Marching through the rock column at 

Toadstool Park, Nebraska  

Oreodont, partial maxilla and mandible, 

found by Kristin MacKenzie 

http://community.geosociety.org/gsa2014/home/
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Fossils, Field Work and Discovery at Florissant Fossil Beds 

By Aaron Currier, President, North America Research Group & Suzanne Galligher, Vice President and Show 
Chairman of the Paleontological Society of Austin 

As amateur paleontologists and informal science learners, the prospect of joining "a 

paleontologist for three days of fossils, field work and discovery" at Florissant Fossil Beds 

National Monument in Colorado was an opportunity not to be missed. So we independently 

applied to and were chosen from numerous applicants to participate in a field course in July as 

sponsored representatives of the FOSSIL Project. Under the guidance of Dr. Dena Smith, 

paleobiologist at the University of Colorado, we joined a group of middle school teachers on a 

project titled “Collaboration for Change: Fossil Plants and Ancient Climates."  

Imagine our surprise when Dena greeted us in a citron-colored Subaru covered with enormous 

ammonite graphics in Colorado Springs. Traveling to Florissant in a fossil car with a professional 

paleontologist – now that’s the start of a great adventure! As we traveled through millions of 

years of amazing geology, Dena shared her insights and stories, including some of her own 

adventures during research projects in the area. 

We arrived at the Lost Burro Campground near the small town of Cripple Creek, a former gold 

mining camp, where we would call home for the next three days. We were joined by Drs. Erin 

Leckey, Kristin Swihart and Tammy Maldonado, all based at CU Boulder. Accompanying us 

were three Denver area middle school educators—Erin M., Sarah, and Marilyn. [Aaron also is a 

middle school science teacher.] With introductions and construction of our “tent city” 

completed, anticipation grew for what was next. 

We traveled together to the Florissant National Monument, just a few miles from camp. Florissant Fossil Beds National 

Monument is nestled in a valley to the west of Colorado Springs amid a verdant meadow 8400 feet above sea level. Today's 

serene backdrop of distant mountain peaks, seemingly random uplifted granite 

outcrops, and rolling hills dotted with slender conifer trees belies a tumultuous 

period 34 to 35 million years ago when volcanic mudflows (lahars) surged into 

the valley and ash rained down from the Guffey volcanic complex. The eruption 

originated from a stratovolcano, similar 

to Mount St. Helens in the Cascades, 15 

or so miles to the southwest. The debris 

flow dammed a stream bed that flowed 

through the Florissant valley creating the 

first lake (lower shale unit). Ongoing 

eruptions filled this lake with ash and 

mud until only shallow stream beds 

remained once again (lower mudstone 

unit). 

In the late Eocene, majestic redwood trees proliferated near the stream bed banks in 

the valley until a subsequent cataclysmic eruption and volcanic mudflow destroyed 

nearly everything in its path. Most of the 500- to 750-year-old redwood forest was 

uprooted leaving only the bases of the most colossal redwoods entombed under 15 feet 

of debris becoming petrified in situ. Additional eruptions generated another lahar 

damming the stream beds once again to form a second generation lake (middle shale 

unit). The middle shale unit is what most visitors observe within the Monument today.  

Lake Florissant flourished and teemed with life during this comparatively quiet period in  
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Dr. Dena Smith  

Would you recognize a lahar if you saw one? 
This has everything… sedimentary, igneous 
and metamorphic rocks. 

The middle shale unit (2nd generation 

lake) of the Florissant Formation 
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its history. All good things must come to an end and so it was for Lake Florissant as a debris flow (caprock conglomerate unit) 

filled much of the lake. The greatly diminished lake (upper shale unit) hobbled along until a massive eruption of pumice and 

ash filled the lake basin once and for all (pumice conglomerate unit). The volcanic processes that led to so much destruction 

during the Eocene created a time capsule of exceptionally well preserved insect, plant and animal specimens that are still 

being unearthed today.  

Walking along the grounds of Florissant, we were awestruck by the sheer 

size of the petrified redwood stumps that pepper the meadow. They are 

colossal – the largest of which measures 41 feet in circumference. These 

now extinct redwoods are related to the modern coastal redwoods of 

northern California and southern Oregon. By studying the growth rings of 

these petrified trunks, scientists discovered that the climatic conditions 

during Eocene Florissant enabled the redwoods to flourish in a much wider 

range than California redwoods of today. The mean annual temperature at 

Florissant during the late Eocene was about 56 degrees Fahrenheit, similar 

to modern day San Francisco; whereas, it is 39 degrees Fahrenheit today. 

Additionally, by cross dating the rings, it was revealed that the Florissant 

redwoods are all from a single forest. All told, there are more than 1700 

species of flora and fauna that have been identified at Florissant with 1500 

belonging to insects and spiders alone.  

Inside the monument’s visitor center, there are fossils on display and 

interactive exhibits designed by researchers, including Dena. The exhibits 

not only highlight research discoveries, but include a connection to the 

researchers themselves. In Dena’s exhibit, for example, she is quoted “Growing up, all I ever heard was that girls and 

minorities were not good at science and math. Of course, I applied to college anyway, and look where I am now!”  

We concluded our tour with a visit behind the scenes to see the collections, meet the research staff and learn about the 

various projects. We met Conni O'Connor, the Monument's museum technician, and she showed us a few of the more notable 

specimens in the collection, including a fossilized bird that was recently found by an elementary student, and the bee fossil 

whose likeness has become the monument logo. We were also introduced to a few researchers who were on site as well. 

Current and recent research at Florissant includes: 

 Developing a technique for the stabilization of the fragile shale 

 Stabilization of the fossil tree stumps 

 Characterizing the preservation of the insect fossils 

 Searching for small mammals in the Florissant Formation 

 Climate change research using mollusks 

 Identifying sources of volcanic ash in the Florissant Formation 

 Climate comparisons with other fossiliferous formations 
 
On the second day we headed toward town and the privately owned fossil dig 

site.  On the way we stopped at the crossroads of one of the lahars. Dena shared 

how we were driving through the huge flow of mud and ash caused by volcanic 

eruptions that had collected rock debris and formed a natural dam that resulted 

in a lake. This intermittent lake was just what was needed to collect and preserve 

the millions of leaves and insects that can still be found at Florissant – some of 

which we were about to find ourselves. 
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The Big Stump. Towering redwoods may have 

been more than 230 feet tall and 750 years old 

when a volcanic mudflow buried its base.  Note  

the layers of caprock, shale, and volcanic 

mudstone deposit.  

The wasp specimen used for the Florissant 
logo. If you go, you have to get the t-shirt. 
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Having a good idea how the Florissant fossil beds formed, 

we continued to Florissant Fossil Quarry to collect some 

specimens. We spent about two hours splitting the paper 

shale using razor blades and knives looking for leaves and 

insects. Some of the more notable finds were fossils of: 

Cattail (Typha); Sequoia branches; Fagopsis (Beech), Rhus 

(Sumac), Chamacyprus and Juncus leaves; seed pods; 

beetles; weevils (Curculionidae); wasps (Hymenoptera), 

and the March Fly (Bibionidae) Cedralospermum. Most of 

us also found the fresh water snail Planorbis. Notably some 

Beech leaves had insect damage. There was a lot of 

excitement by everyone as they collected and identified 

their specimens – some for the very first time. It was 

evident from this part of the workshop that hands-on 

activities are the most engaging and fun for teachers. It 

truly helps with the realization of just how amazing the 

fossil record is, particularly at Florissant. 

 

 

 

 

We returned to the Monument and convened in the library for teacher lessons. Dena lectured on the geologic history of Earth, 

highlighting for teachers aspects that middle school students are likely to understand. It’s really good for teachers to also have 

a strong grasp of just how intricate and vast the current knowledge of the fossil record is, as well as the concept of deep time. 

Dena’s talk was followed by a fantastic lesson on leaves and climate  by Erin Leckey. Erin gave us the task of recording the 

ratio of smooth to serrated edges to estimate annual average rainfall. We learned the smoother the leaves are on average, the 

warmer the climate. Similarly, measuring the length and width of leaf fossils and calculating surface area allowed us to 

estimate annual average rainfall. In this scenario, the larger the average leaf surface area, the wetter the climate. The lesson 

then entailed comparing data from a specific locality to see how the climate has changed over time, and then comparing to 

other localities to see differences between those data sets as well. 

This is a great lesson that we can adjust to fit any locality with leaf 

fossils and we can’t wait to try it back in Oregon and Texas. 

For our final day of the workshop we heard another lecture, 

discussed teacher lessons and gave feedback. Erin M. explained 

how she put together her middle-school lessons on geologic 

history. We heard firsthand how the lessons worked and 

discussed ways to implement those lessons in our own curriculum 

back home. Opportunities like this to network and learn from 

colleagues are profoundly valuable – not just as a source for 

resources and ideas, but also motivation and inspiration. 
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A road cut through the 34 million year old lahar 

Fagopsis (Beech) Hymenoptera  (Wasp) Cedrelospermum lineatum (Elm) 

Florissant Fossil Beds National Monument 
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Dena presented on insect ecology from Florissant and the Green River Formation in Colorado, showing numerous pictures of 

the amazing insects she is researching. She explained that she works at very different spatial and temporal scales in her 

research on insect biodiversity—conducting both in depth field-based research at targeted localities and large-scale, literature-

based research across multiple geologic time intervals. She is also conducting studies in modern ecosystems and in the lab in 

order to learn more about the specifics of plant-insect interactions and processes of fossilization. One of her conclusions was 

very poignant. She reported that with higher average annual 

temperatures, there was more insect damage to the leaves. (She 

compared Florissant to Green River, which is about 13 million years 

older.) What she concluded was that “by looking at a time of climate 

change in the past, we can gain a better understanding of how our 

warming world may change in the future. As the world warms, we can 

expect to see an increase in insect damage to plants…with serious 

consequences for forests and essential food crops.” 

As we reluctantly packed our identified specimens and teacher 

resources away and prepared to depart for home, we spent our final 

time together having a nice picnic on the monument grounds. We were 

joined by Park Director Dr. Herb Meyer and Suzanne’s family, who had 

traveled with her from Austin. We talked about how each of us were 

going to take what we learned back home and share it with our 

colleagues – and for many of us, our students. We are grateful to Dr. 

Smith, Dr. Meyer, the Florissant staff, field course teachers and the 

FOSSIL Project for the engaging field course and opportunity to learn so 

much about the Florissant Fossil Beds. 

Aaron has already started to develop a template for lesson plans for teachers in Oregon to teach geologic history aimed at 

NGSS (Next Generation Science Standards) benchmarks. He is going to use Dr. Leckey’s lesson on Leaves and Climate Change. 

He wants to see if his students can make a correlation with the fossil leaves and the climate they infer from a nearby locality 

(that Dr. Meyer collected when he was a high school student in Oregon) with Oregon’s Bridge Creek Flora (John Day Fossil 

Formation) and perhaps even Florissant. 

Suzanne plans to use the information gleaned from this trip to create an educational exhibit for paleontological society 

outreach. Additionally, she will adapt the classroom instructional materials and exercises provided during the field course into 

smaller, "bite-sized" pieces in order to accommodate the shorter time constraints that paleontological societies face when 

conducting K-12 and other educational outreach in the community. Lastly, the field course provided materials will be 

correlated to Texas teaching standards and disseminated to Texas teachers for classroom 

use. 

Resources: 

Paleontology of the Upper Eocene Florissant Formation, Colorado edited by Herbert W. 

Meyer and Dena M. Smith. 

A comprehensive website documenting the Florissant fossil collections at 20 different 

museums (http://planning.nps.gov/flfo/) 

The Fossils of Florissant by Herbert W. Meyer  

Saved in Time: The Fight to Establish Florissant Fossil Beds National Monument, Colorado 

written by Estella Leopold and Herbert Meyer. 
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Suzanne Galligher & Aaron Currier 

“By looking at a time of climate 

change in the past, we can gain 

a better understanding of how 

our warming world may change 

in the future. As the world 

warms, we can expect to see an 

increase in insect damage to 

plants…with serious 

consequences for forests and 

essential food crops.” 

Dr. Dena Smith 

http://plannning.nps.gov/flfo/
http://planning.nps.gov/flfo/default.cfm
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by Lane A. Wallett, DVM and Doctoral Candidate, University of Florida 

As a veterinarian as well as a paleontologist, I’m interested in how diseases that we see in today’s animals might 
also have affected them throughout their natural history. If an injury or disease causes change to bone, that same 
change can be preserved when that bone fossilizes, giving us a look into the lives of animals long dead.   

My research focuses on the disease laminitis (also called “founder”) in horses. While there are many possible 
triggers for laminitis, this work concentrates on its nutritional causes: Too many carbohydrates or too much 
fluctuation in carbohydrate intake can lead to a cascade of inflammation in a horse’s body, ultimately resulting in 
damage to the main support structures of the foot. Severe or repeated episodes can leave horses permanently 
lame, often in great pain. This condition is common in modern horses, but until recently it seemed to be directly 
related to domestication. New studies of feral horses, however, show that chronic laminitis is not only present in 
wild populations, but can even be widespread. Given this information, the whole concept of laminitis as a recent 
development deserves scrutiny. 

My first investigation involved a survey of 
the horse fossil record for evidence of 
disease. Chronic laminitis causes distinct 
changes in the last toe bone - sometimes 
called the coffin bone, or ungual phalanx - 
making it possible to identify which 
animals had the disease, and how badly it 
affected them. The earliest horses appear 
in North America in the Eocene, 
approximately 55 million years ago, and 
continue on this continent until roughly 
12,000 years ago; because of this, our 
equine fossil record is very rich. The last 
native North American horses belong to 
the genus Equus, which spans from 3.5 
million years ago all the way to the 
modern horse, E. caballus.  

Through access to the vertebrate 
paleontology collections at the Florida 
Museum of Natural History, the American Museum of Natural History, and the Smithsonian Institution, I’ve 
examined more than a thousand fossilized Equus specimens for signs of laminitis. In total, more than 75% of 
specimens exhibit some evidence of laminitic pathology, with signs consistent with severe disease in 6.08%. My 
current focus is on quantifying these individual bone markers using advanced medical imaging technology, starting 
with CT scanning.  

The discovery that laminitis is present in fossil horses opens whole 
new avenues of research. We can now start to ask questions 
about how diet and environment, or trends in horse evolution like 
increasing body size and decreasing digit numbers, affected 
disease presentation. Ultimately, the biggest question is what role 
domestication actually played in laminitis. To begin to answer 
that, the next phase of research will include using the same 
surveying techniques from the fossil specimens on remains from 
the Botai culture of 3500 B.C.E., identified as the earliest known 
examples of horse domestication. Combined with the fossil work, 
these studies will give us a better understanding not only of how 
disease and evolution interact, but also how human behavior can 
impact that relationship.    
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Fossilized ungual phalanges (toe bones, or "coffin bones" ) from a species of 

Equus dating to about one million years ago  

Fossilized phalange and a casts of the same bone 

from modern horses with laminitis  
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By Julie Bokor, Doctoral student Science Education, University of Florida, Jennifer Broo, Science teacher, 
Cincinnati, OH, & Jessica Mahoney, Science teacher, Orlando, FL 

Evolution forms the basis for all biology, yet teachers face many challenges in their efforts to teach this material. The concepts 
and time-scales are difficult for many students to grasp, and many come to the classroom with negative perceptions about 
evolution. Clearly, teachers need as many tools as possible to engage students and facilitate their understanding of 
evolutionary biology.  

In a pilot program supported by the 
Smallwood Foundation and 
developed by the University of 
Florida Center for Precollegiate 
Education and Training (CPET), 10 
teachers were invited to the UF 
campus to explore evolutionary 
biology projects at the elbows of 
university researchers. One of the 
stops was the vertebrate 
paleontology collection, where Bruce 
MacFadden presented teachers with 
a study set with fossil horse teeth 
from a dozen different species and 
charged them with creating a 
classroom lesson.  

Working in two teams of five 
teachers each, the teachers 
brainstormed ideas to incorporate 
the fossils into the curriculum. Their 
ideas were further refined by two 
teachers who remained on campus 
for an additional week and crafted a three-lesson module exploring both macro- and microevolution. Through hands-on inquiry 
utilizing horse fossil teeth, the lessons help students understand evolution and the role the environment plays in the 
evolutionary processes.  

Our hope is that by using a familiar organism, the horse, and engaging in the authentic practices of science including the 
opportunity to study actual fossils, students will begin to appreciate the elegance and predicative power of evolutionary 

theory. The activities in this unit require no 
prerequisite understanding of evolution or 
vocabulary associated with evolution. This 
hands-on inquiry approach to introducing 
evolution will hopefully result in greater 
acceptance and understanding of evolution.  

Starting in lesson one of Chewing on 
Change: Exploring Co-Evolution of Horse and 
Plants in Response to Climate Change, 
students view a slide show of illustrations 
representing the physical landscape of each 
of the five geological epochs and make 
observations about the types of flora 
present. Next, in collaborative learning 
groups, students measure and sketch 
physical characteristics of fossilized horse 
teeth from a study set provided by the 
Florida Museum of Natural History 
(FLMNH).  Each group produces a graph  

 

Education: Fossil Horses Go to School Volume 1, Issue 3, Sept. 2014 

Teachers tour the Florida Museum of Natural History  

 

Materials used in the curriculum modules in Chewing on Change 

Bruce MacFadden and teachers in the Vertebrate Paleontology Collection at FLMNH. 
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Continued from page 15 

that summarizes the trend between age of the fossil and length of the tooth. Plant 
information cards summarizing each epoch are provided to each group, and guided analysis 
questions allow students to develop an explanation for the change in horse teeth in 
response to plant evolution.  

In the second lesson, students are provided with images of horse teeth collected from 
Thomas Farm, Florida. Students take measurements to determine if this collection 
represents individuals from the same species. Students also use the graphs produced in 
Lesson One to determine which species this population likely belonged to. Additionally, 
students determine if there is intraspecies variation in this population using a horse tooth 
variation guide.  Students consider how and why variation exists within a species and predict 
what would happen to horse teeth in future generations if plant life drastically differed again 
on Earth, drawing upon information gathered in lesson one.   

The final lesson presents students with a real-life problem 
observed in many natural history museums: horse evolution 
is depicted as occurring in a straight line  (orthogenesis) 
rather than the widely accepted branching phylogenetic tree 
(MacFadden et al., 2012). This incorrect graphical 
representation has been shown to promote misconceptions 
about evolution. Students either read a letter from the 
curator of a natural history museum requesting their help 
with this problem or study a paper by MacFadden and 

colleagues (2012) that explores this issue. Using the fossil data graphs from Lesson One in 
addition to information about ancestral horse species, the students summarize how the 
fossil records clearly show a branching phylogenetic evolution of the horse and suggest how 
this can be better addressed in museum exhibits by creating and sharing posters. 

The first implementation of this curriculum in an Honors 
Biology class in Cincinnati, Ohio was very successful. 
Students demonstrated both cognitive learning gains as 
well as sustained interest in the subject matter. Additional 
pilot testing in diverse classroom contexts are planned and 
outcomes shared. 

To learn more about Chewing on Change, contact Julie 
Bokor at jbokor@ufl.edu 

The most recent version of the curriculum can be found at: 

http://prod.cpet.ufl.edu/wp-content/uploads/2014/06/Horse-Evolution-Lessons-final-
9_11_2014.pdf  

For further reading: 

MacFadden, B. J., Oviedo, L. H., Seymour, G., 
& Ellis, S. (2012) Fossil Horses, Orthogenesis, 
and Communicating Evolution in Museums. 
Evolution: Education and Outreach,  29-37.  

Download PDF (1602 KB) View Article  
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