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In June, Ecphora Editor Stephen Godfrey had the privilege of looking
for fossils in the northern reach of the Atacama Desert (part of the
Peruvian coastal desert). One of the highlights was meeting Mario
Urbina Schmitt, famous for his ability to find and collect fossils of all
kinds in this vast desert. I met Mario at his home in Ocucage, not far
from Ica. He had filled the interior walls with wonderful chalk
renderings of some of the incredible diversity of marine vertebrates,
mostly dolphins, that have been found in Peru. Continued on page 17.
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Revisiting the Miocene:
Interpreting the Calvert Cliffs
from a Geochemical
Perspective
By Joshua Zimmt
Professional geologists and amateur fossil
hunters have studied the Calvert Cliffs for the last
two hundred years. Much of the work has
concentrated on the major complex shell beds,
massive and condensed (up to 70% shell material)
fossil deposits that produce the diverse assemblage
of fossils we see along the shores of Maryland.
Several meters thick and stretching over hundreds of
square kilometers, the origins of these shell beds
have continued to perplex geologists. There has been
considerable debate over how these beds formed, for
example whether the beds formed during brief but
violent storm events or accumulated due to longterm geological processes. At the heart of the issue is
a driving question- how long did it take these shell
beds to form?
Last August, I ventured to the Calvert Cliffs
to collect samples for my senior thesis with Dr.
Stephen Godfrey and John Nance, from the Calvert
Marine Museum, and with Dr. Rowan Lockwood,
my advisor from William & Mary. The focus was
the Camp Roosevelt major complex shell bed
(Shattuck Zone 10), the oldest of the four major
complex shell beds along Calvert Cliffs (Figure 1).
My goal was to calculate the period of formation of
the Camp Roosevelt shell bed, but where to begin?
Most familiar dating techniques, such as radiocarbon
dating, do not go far back enough in time to date the
Calvert Cliffs, which were deposited throughout the
Miocene epoch (23-5.7 Mya). Other dating
techniques can go back hundreds of millions of
years, but fail to give the age-resolution needed to
study the shell beds in this project.
My answer to this problem was a novel
application of a technique called strontium isotope
dating. The ratio of strontium isotopes in seawater
has fluctuated globally over geological time.
Researchers have constructed a global strontium
isotope curve, which allows for the correlation

Figure 1: An outcrop of the Camp Roosevelt shell
bed (Shattuck Zone 10) at the Willows locality
(undergraduate geologist for scale). Note the
different texture between the shell bed (outlined in
white) and the surrounding units: this is due to
the high density of fossils within the shell bed
(photo by S. Godfrey).
between strontium isotope ratios and the age of a
sample. If you know the relative age of a sample and
its strontium isotope ratio, you can place the sample
on the curve, and translate the isotope ratio into a
concrete date. Strontium isotopes are often
incorporated into mollusk shells as the shells grow
and record a similar ratio to that of the surrounding
water. If we can measure the strontium isotope ratio
in fossil material, it is then possible to produce an
age for the sample by correlating the isotope ratio to
the global strontium curve. By collecting mollusk
fossils from the top and bottom of the Camp
Roosevelt shell bed, we can use the difference in
ages between the top and bottom of the bed to
calculate the period of fossil bed formation with
relatively high precision (Figure 2).
In total, we collected over one hundred
valves of the pectinid Chesapecten nefrens for
isotope analysis. After screening the shells for
diagenetic (chemical) alteration, I selected thirty
shells to send to Royal Holloway University of
London for geochemical analysis. Converting the
strontium isotope data from the shells to ages
revealed a consistent trend across the data. On
average, the age of shells from the top of the shell
bed were 600,000 younger than shells taken from the
bottom of the shell bed. A depositional period of
600,000 years was observed both within samples
taken from the same localities and across the entire
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Partial Carapace of a Fossil
Leatherback Turtle Quarried

Figure 2: A diagram of how strontium isotope
dating could be applied to the Camp Roosevelt
shell bed. The white lines mark the boundary of
the shell bed.
shell bed: such a robust signal has important
implications for how we interpret the history of the
Calvert Cliffs.
This is the first study to assess the period of
formation of the major complex shell beds from a
quantitative perspective. The findings from this
study corroborate the conclusions of previous studies
that used a qualitative analysis of the major complex
shell beds to suggest long-term accumulation. The
qualitative and quantitative evidence together
provide a cohesive picture for the history of the
major complex shell beds: having formed over
hundreds of thousands of years, the major complex
shell beds gradually accumulated during periods of
gradual sea-level rise. The transport of sediment past
the shallower waters of the shelf starved these beds
of sediment, leading to highly condensed fossil
deposits throughout the Maryland Miocene. Such a
long period of accumulation contradicts more
conventional perspectives on how condensed
sequences form throughout the geologic record, and
provides a new paradigm with which to view other
condensed sequences.
☼

Pat Gotsis found and informed us of the presence of
a partial carapace (following photo) of the huge
Miocene leatherback turtle along Calvert Cliffs. He
along with staff, summer interns, Tom Doody, and
Daryl Serafin jacketed and screen-washed sediments
to retrieve all the pieces that had tumbled out of the
cliff. Photo by P. Gotsis. ☼

CMM fossil prep lab volunteer, Christa Conant
prepared the jacketed section of the Miocene
leatherback turtle carapace. A complete carapace
would consist of several thousand of these puzzlepiece platelets. Photo by S. Godfrey. ☼
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Editor’s Note: I invited Adam to submit the following science fair project paper for publication in The Ecphora.
He is beginning his junior year in the STEM Academy at Great Mills High School, St. Mary’s County, Maryland.
Many thanks Adam!

A Practical Examination of the Possibility of
Agonistic Behavior in the Pachycephalosauridae
By Adam Lindholm
Purpose
The Pachycephalosauridae is one of the best-known families of dinosaurs. These bipedal herbivores
sported large, bony frontoparietal domes atop their heads.
Observers often assume that these domes were used for agonistic behavior, particularly head-butting,
similar to behaviors exhibited by modern musk oxen and bighorn sheep.
This project aims to answer whether head-butting in the Pachycephalosauridae was a plausible behavior,
or if the physical damage caused by such impacts would have made such behaviors impractical and unsustainable
when it came to survival of the species.
Background
Scientific findings have supported the possibility of agonistic behavior in Pachycephalosaurids.
The first was the discovery of small dents or pits occurring in several fossil frontoparietal domes. According to a
2012 study by Joseph Peterson of the University of Wisconsin, this damage could only have resulted from three
causes: agonistic behavior, fossil weathering, or bone resorption (Peterson et al., 2012). Peterson goes on to rule
out the latter two, because the skull as a whole lacked characteristics of erosion, and it did not match any patterns
of bone resorption seen in the closely-related Ceratopsidae (the family of horned dinosaurs). Thus, agonistic
behavior was listed as the most likely cause, with the pits resulting from lesions that developed following headbutting.
A study by Eric Snively of the University of Alberta compared stresses observed in the skulls of the
pachycephalosaurid Stegoceras validum to those of modern duikers (small Sub-Saharan antelope) and musk oxen.
Bone density was found to be very close between duikers and S. validum. And while stresses found in duiker
skulls were quite high, the thicker dome of Stegoceras could conceivably have provided more protection during
combat (Snively et al., 2011).
However, paleontologists Jack Horner, formerly of Montana State University, and Mark Goodwin of
the University of California disagree with the theory of head-butting in the Pachycephalosauridae. They believe
the internal dome structures that protected the skull diminished as the animal aged. This would have caused the
dome to become brittle, and major – possibly fatal – damage would have resulted (Horner and Goodwin, 2003).
Hypothesis
If agonistic head-butting behaviors were exhibited by the Pachycephalosauridae, then they would have
been likely to cause fractures or infected lesions to the skull, making such behaviors inefficient to the species and
overall unlikely.
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Choice of Species
For testing, the skulls of three species of pachycephalosaurids were modeled:


Pachycephalosaurus wyomingensis: arguably the most famous member of the family, P.wyomingensis has a
large frontoparietal dome that covers most, but not the entire top of the skull.

Left image from: https://en.wikipedia.org/wiki/Pachycephalosaurus
Right image from: http://www.dinochecker.com/gallery/pachycephalosaurus.php



Stegoceras validum: a smaller species with a large frontoparietal dome that occupies the entire skull.

Left image from: https://en.wikipedia.org/wiki/Stegoceras
Right image from: http://prehlife.weebly.com/pachycephalosaurus.html



Homalocephale calathoceros: another smaller species that features a flat, bony plate instead of a dome.

Left image from: http://www.paleofile.com/Dinosaurs/Ornithopods/Homalocephale.asp
Right image from: https://en.wikipedia.org/wiki/Homalocephale

The differences in skull shapes would provide the opportunity to see if severity of impact would vary between
species.
Model Construction and Testing Process
Modeling
To test impact, models of the skulls of the three species needed to be constructed. Prehistoric Planet, a
highly-regarded fossil casting company, recommended using car body filler (Bondo) as a good bone analog.
Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter
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First, measurements were taken from scientific drawings of the skulls (Weishampel et al., 2004) and then scaled.
Based on the resulting dimensions, clay-covered Styrofoam models were created and molded using a liquid
silicone mold matrix (Castin' Crafts Mold Maker) strengthened with gauze between layers of silicone. Five sets
of six skulls (two of each species) were then created by pouring car body filler into the molds. Once dry, the
models were touched up to fill imperfections caused by air bubbles, and then sanded down to remove any
extraneous material.

Three images detailing
the model creation
process:
The clay-Styrofoam
mold forms (Top);
The silicon molds
(Middle);
The car body filler
models pre-sanding
and testing (Bottom).
All photos are courtesy of
project author.
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Testing
Testing was accomplished by dropping one skull towards another of the same species from a set height, as
determined by scale speed.
Estimated speeds of bipedal ornithopods (the group to which pachycephalosaurids belong) are roughly 17 m/s
(Brusatte, 2012). Scaling 17 m/s to the size of each model produced the following target speeds:
 P. wyomingensis – 1.98 m/s
 S. validum – 5.48 m/s
 H. calathoceros – 4.72 m/s
All speeds were then doubled, in order to replicate the force of impact of two animals running at each other at
roughly the same speed. However, post-testing research revealed that Newton’s Third Law says that the force of
two bodies colliding is not doubled because the additional force during the impact is spread over twice as large a
mass. Therefore, the higher speed used in the test served to exacerbate any damage to the models from the drop,
producing a “worst possible case scenario” for the impacts.
Using the equation 2a∆x=v22-v12 where a=acceleration, v2 and v1= final and original velocities, and
∆x=distance travelled; and solving it for ∆x provided the necessary drop height for each model. PVC pipes were
cut to necessary height to ensure the models fell straight, and strings were attached to the bottom of the dropped
model during each test to ensure the dropped model did not change orientation during the fall, and therefore the
front of the two models impacted.
Data Analysis
After testing, the models were examined. The multiplicity of any fractures or dents was recorded, as was the size
of any damage, to determine the best-performing species. The data below is represented by species, with size and
multiplicity values averaged as well.
Homalocephale calathoceros

Test Number
Test 1A
Test 1B
Test 2A
Test 2B
Test 3A
Test 3B
Test 4A
Test 4B
Test 5A
Test 5B
Average

Fracture Multiplicity
0
0
0
0
0
0
0
0
0
0
0

Fracture Size (cm)
0
0
0
0
0
0
0
0
0
0
0

Dent Multiplicity
1
1
1
1
1
1
1
1
1
1
1

Dent Size (cm)
0.06
0.06
0.1
0.08
0.05
0.05
0.04
0.05
0.1
0.2
0.079
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Pachycephalosaurus wyomingensis

Test Number
Test 1A
Test 1B
Test 2A
Test 2B
Test 3A
Test 3B
Test 4A
Test 4B
Test 5A
Test 5B
Average

Fracture Multiplicity
0
0
0
0
0
0
0
0
0
0
0

Fracture Size (cm)
0
0
0
0
0
0
0
0
0
0
0

Dent Multiplicity
1
1
2
1
1
0
1
1
0
0
0.8

Dent Size (cm)
0.1
0.1
0.05, 0.08
0.08
0.1
0
0.15
0.1
0
0
0.076

Fracture Size (cm)
0
0
0
0
0
0
0
0
0
0
0

Dent Multiplicity
1
1
1
0
0
0
0
0
1
0
0.4

Dent Size (cm)
0.15
0.1
0.05
0
0
0
0
0
0.2
0
0.05

Stegoceras validum

Test Number
Test 1A
Test 1B
Test 2A
Test 2B
Test 3A
Test 3B
Test 4A
Test 4B
Test 5A
Test 5B
Average

Fracture Multiplicity
0
0
0
0
0
0
0
0
0
0
0

Error Analysis
Even when sanded, the models made from car body filler were not perfectly smooth, thus two imperfect
surfaces came into contact with each other. This could potentially have impacted the number and size of divots
produced in the tests.
The drop tests for one species, S. validum, had to be conducted from a height of 17 feet instead of 20 feet,
due to space constraints of the testing area. As a result, the tested speed was 7.78% less than if the 20-foot height
had been used.
Further, the drop tests were run at double the scaled speed because it was originally thought to best
replicate the force of impact of a regular speed collision between two moving animals. However, as the higher
impact speeds would exacerbate – not reduce – the damage inflicted, data can be further justified due to the low
damage produced even at extreme speeds.
Neither of these errors is expected to have had a substantial impact on the final test results. All models
were carefully scrutinized and surface imperfections noted before testing, so that divots resulting from the tests
could be clearly identified. Further, the drop tests showcased a worst-case scenario, with two combatant animals
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approaching each other at absolute maximum speed. Thus, the slightly slower drop speed for S. validum that
resulted from the lower height was probably indicative of the true force of impact that might have been
experienced by animals at the time. Further, H. calathoceros, with its thinner skull and travelling at a similar
speed to S. validum produced and received little damage. This further indicates that the slightly lower speed of the
S. validum tests was likely inconsequential.
Possibility of Brain Damage
In addition to depressed skull fractures, is it possible that other injuries including brain damage could have
resulted from repeated, violent head collisions? Unfortunately, it is not possible to test for such trauma. Because
these species have been extinct for 65 million years, we simply cannot know their exact brain composition, even
though scans of their brain cases give us insight about brain shape.
Further, we know from extant species that head-strike behaviors do not directly correlate to brain damage.
According to Gregory Myer director of sports medicine research at Children’s Hospital in Cincinnati, "Bighorn
sheep ritually ram their heads into each other and woodpeckers slam their heads against trees thousands of times a
day with neither species sustaining concussions" (Meyer, 2014).
It is reasonable, therefore, to theorize that a species that regularly engaged in head-butting behavior would
have its brain protected from concussions and other soft tissue trauma by analogous, if not identical, adaptations.
How else could it have survived for tens of millions of years, as demonstrated in the fossil record?
On this basis, the only pathology indicative of brain damage is a depressed fracture. And as no fractures at
all were observed, no brain damage would have occurred as a result of head-butting behaviors.
Conclusion
The hypothesis was refuted, as every model showed no sign of fracture at all.
Most of the tests across all species resulted in divots and pits being produced, similar to those observed by
Peterson et al (2016). Having tested relative speeds greater than those believed to have been achievable by the
animal in life, the damage produced at regular speeds is assumed to be less, meaning the animal would have had
an even greater chance of surviving the immediate impacts observed in this study.
These results indicate that all of the species would have survived impact, but perhaps not the aftermath of
the ordeal. Peterson and Vittore (2012) described the pits as lesions caused by agonistic behavior, and the
infection of such a lesion could be extremely detrimental to the animal, either becoming fatal or leaving the
animal susceptible to predators.
Judging the differences between the species, S. validum performed the best, followed by P. wyomingensis
and H. calathoceros. This trend likely demonstrates that the larger domes produced (and received) less damage.
Stegoceras received the most impacts resulting in no dents at all, and Homalocephale received one dent
consistently every time.
Interestingly, this could possibly tie in to pachycephalosaurid evolution. Flat-skulled members of the
family such as H. calathoceros disappeared from the fossil record by the end of the Cretaceous, leaving only
species with larger domes such as P. wyomingensis and S. validum. In total, the data indicates that agonistic
behavior was plausible, if not assured. And that species with larger domes performed better than those with
smaller ones.
Avenues for Further Study
In February 2017, Joseph Peterson of the University of Wisconsin – Oshkosh, author of the original
study that described postcranial dents in Pachycephalosauridae, reviewed the results of this experiment. He said
he was intrigued, and called the study “innovative”. Upon reflection, Dr. Peterson raised the possibility that
pachycephalosaurid combat could have centered on low-speed impact situations (such as shoving), but given the
lack of skull damage produced in this study’s measured impacts, he could not rule out the possibility of combat
involving high-speed impacts as well. He encouraged further study of the subject using a variety of other bone
analogs to ensure the choice used in this study did not affect its results.
Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter
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Another beneficial step would be calculating the force of impact. Physics measures force of impact as F=
(2mv)/t; where F is the force of impact, m is the mass of the object, v is the object’s velocity, and t is the time of
impact. However, making this calculation is not currently possible given the available testing equipment.
Measuring time of impact would require both a clear tube to drop the model skulls down, and calibrated highspeed films of the impacts to get a precise measurement.
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A Miocene Fossil Story: The
Legacy of Collecting and Dispersal
By Darrin L. Lowery Ph.D.

lower tusk; North of Second (=Driftwood) Beach;
Chesapeake Ranch Club; Lusby, Calvert Co., MD;
Elizabeth M. Betty Cridlin; Accn. No. 415611; loan”.
It would seem that the specimen formerly on sale at
the antique shop was a tusk of an extinct genus of
Miocene grazing rhinoceros. More importantly, the
original specimen had regained its provenience.
Casts of Mrs. Cridlin’s Tomarctus molar and a tapir
molar were also in the Smithsonian’s collection.

In July of 2014, my wife and I were traveling
to our vacation home at Whitehaven, Maryland. On
our trek, she wanted to stop at various antique shops
along the way. Normally, I’m not interested in
antiques. However, at an antique shop on Ocean
Gateway near Mardela Springs, Maryland, we both
found a small collection of Maryland Miocene
fossils for sale that sparked my interest. The
collection had the typical array of fossil shark teeth,
crocodile teeth, crabs, and whale vertebrae.
However, the collection also included a molar of
Tomarctus, the molar of a tapir, a Miocene horse
tooth, and a tusk of some unknown beast. At the
time, the tusk puzzled me. I asked the owner of the
shop where he had gotten the specimens. He told me
that he had purchased the collection from the estate
of Mrs. Betty Cridlin. He also told me that she had
lived in Chesapeake Ranch Estates on the western
shore of the Chesapeake Bay, moved to Florida, and
that’s where she passed away. I have a collection of
personally-found Miocene fossils from the Choptank
River. Therefore, my wife and I were intrigued and
inquired about purchasing the collection to keep it
together as a singular unit. We negotiated a price and
purchased the material.
The following week, I called Dave Bohaska
of the Smithsonian and briefly discussed the
collection that we had purchased. At the time, I
failed to mention Mrs. Cridlin’s name because I
didn’t think Dave would have known her. Numerous
people find fossils and I couldn’t imagine that he
would know them all. I only told Dave that the
collection originated from the western shore near
Chesapeake Ranch Estates. We settled on a mutually
agreeable time to meet and have him examine some
of the unidentifiable specimens. On August 8th,
Figure 1. Multiple views of a Miocene rhino
2014, I removed the mysterious tusk (Figure 1) from
(Aphelops sp.) lower tusk found by Mrs. Betty
my bag and Dave said “You have the original!
Cridlin along the shoreline near Chesapeake Ranch
How’d you get that?” He walked over to a storage
Estates.
unit, unlocked it, and extracted a small cardboard
box. Two unpainted plaster casts were in the box.
With the casts was a label (see Figure 2), which
stated “cf. Teleoceras (scratched out) tusk; Aphelops
Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter
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what do you do with a lifelong accumulated
collection when a museum doesn’t want it? I guess
you just have to find someone who appreciates the
collection and the objects, as much as you do!
If Mrs. Cridlin were alive today and if she
wanted to donate her collection to the Smithsonian,
would she have to get a “chain of title” release for
each specimen? And what would a “chain of title”
release consist of? In Maryland, state property is
defined by the “mean high tide mark”. If the
specimens were found on the shoreline of her
property at the time, would she have to get a “chain
of title” release from both the State of Maryland and
the current landowner? If she had permission from a
landowner to collect fossils from their shoreline and
Figure 2. The image shows two casts of Mrs.
this landowner is currently deceased, would she have
Cridlin’s tusk curated at the Smithsonian Institution.
to get a chain of title release from the current
landowner, as well as the State of Maryland? Given
The Cridlin collection scenario represents a
the fact that casts of Mrs. Cridlin’s specimens exist
dilemma that collectors will face at some time in the
in the Smithsonian’s collection, they indirectly
future. What do you do with an accumulated lifetime
acknowledge the importance of the Cridlin
collection? I confronted this dilemma two years ago.
assemblage. If a “chain of title” release could not be
I had a collection of prehistoric artifacts from a
obtained, I can only assume that the assemblage
Delmarva Adena cemetery (7K-F-2) unearthed in
donation offer would be refused given the current
1964 in Delaware. Like the Cridlin situation, the
implemented rules and regulations. However, if the
collection was almost disbursed in 2012 at an
collection were sold at an auction or to an antique
auction house in St. Petersburg, Florida. I purchased
dealer, would the Smithsonian refuse the donation of
the collection to keep it together and bring it back
the collection’s cash value? These are some issues
home to the Delmarva Peninsula. Over the past
that a museum’s administration, as well as the
several years, I analyzed the assemblage and
collecting public need to contemplate before refusing
published several summaries about the site.
or offering the gift of a collection.
However, I decided to donate the collection to the
Regardless, a “chain of title” release with
Smithsonian in 2015. My generous offer was
respect to an artifact or fossil is an interesting and
stopped by the fact that the institution does not
somewhat bizarre legal concept. I have always heard
accept purchased archaeological collections. Over
the phrase that “possession is nine-tenths of the law”.
the years, I have also amassed one of the best
For fossil and artifact collectors searching the
prehistoric type collections for the entire Delmarva
Potomac shorelines of Virginia, the situation
Peninsula area. These collections were found prior to
becomes even more convoluted. As stated earlier, the
1988 along many of the eroding shorelines adjacent
waters claimed by the State of Maryland are defined
to the Chesapeake Bay. At the time the items were
by the “mean high tide mark”. Meanwhile, the
discovered, I had permission from the landowners
waters claimed by the Commonwealth of Virginia
who owned the associated sites. In 2016, I decided to
are limited to the “mean low tide mark”. However,
donate
my
personally-found
archaeological
because of a fluke of history and years of legal
collection to the Smithsonian. My offer was again
boundary disputes, the State of Maryland claims the
halted by the fact that each site assemblage needed a
entire water of the Potomac up to Virginia’s “high
clear “chain of title”. In sum, I needed to get each
tide mark”. Given these facts, an artifact or fossil
landowner to sign off on the artifacts found at each
exposed within a bank profile above the mean high
site. I indicated to the “powers that be” that the
tide along the Potomac shoreline of Virginia is
landowners I knew and dealt with are deceased. So
owned by the Virginia landowner. However, once
Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter
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this artifact or fossil is dislodged from its primary
context and is deposited below the mean high tide, it
is now owned by the State of Maryland.
Given the new rules and regulations for
collection donations and acquisitions at the
Smithsonian, I can only assume that they would no
longer be interested in the Cridlin collection since
my wife and I had purchased it. However, if my wife
and I sold the Cridlin collection, would the
Smithsonian accept a donation of its cash value?
Arguably, if we had not purchased the Cridlin
assemblage, the collection would have been scattered
and lost its provenience. In sum, we purchased the
collection because the specimens were interesting
and seemed to be important to us. They offered us;
as individuals, a unique glimpse into the
paleontology of the Chesapeake Bay region during
the Miocene. Like Mrs. Betty Cridlin, our interest in
the fossils within this collection was a personal
interest; not an institutional interest.
That being said, it has been my experience
that each object in a collection has its own unique
memory tethered to it. I can look at a prehistoric
stone projectile point found decades ago and
remember the exact conditions associated with the
day of discovery. Even though Mrs. Cridlin is no
longer with us, we both share a unified day of
discovery centered on the lower tusk of an extinct
genus of Miocene grazing rhinoceros. Her memory
probably consisted of balmy weather conditions
while strolling along a beautiful shoreline near
Chesapeake Ranch Estates. My memory consists of
nothing more than a boring display case in an
antique shop. However, reestablishing the fossil’s
pedigree offers my wife and I a better memory. In
sum, we all are interested in these objects (i.e.,
artifacts or fossils) because they offer us a personal
experience and an opportunity to learn something
about the past. Should we really care whether or not
the self-imposed collection acquisition regulations of
museums and institutions preclude their interest in
these important collections? I don’t think so!
However, it does call into question the actual
function and purpose of these public institutions. ☼

Museum would gladly accept them if the offer was
made. ☼

CALVERT MARINE MUSEUM
FOSSIL CLUB EVENTS
Saturday, September 16th, 2017. Fossil Club
meeting at 1:00 pm in the 3rd floor lounge followed
by a public lecture in the Harms Gallery at 2:30 pm.
Tim Foard will speak on the many fossils (mostly
wood) that he has thin sectioned.
PRAD (Patuxent River Appreciation Days),
Saturday and Sunday, October 7-8, 2017. Fossil
Club member displays welcome.
Saturday, November 18th, 2017. 12:00 PM –
Chestnut Cabin @ Scientists Cliffs – beach
walk/collecting, potluck lunch, meeting, and
presentation. ☼

Dolphins in the Chesapeake Bay?
https://chesapeakedolphinwatch.org/
Submitted by R. J. Hurry. ☼

Paleocene Croc Skull CT Scanned

Paleo summer interns Stephen Groff (left) and
Becca Ratchford stand ready as Donald Morgan III
aligns the Paleocene croc skull in the center of the
CT donut. Johns Hopkins CT Technologist was
Jorge Guzman. Photo by J. Siewerdsen. ☼

Editor’s Note: It would be my guess that the
stringent regulations at the Smithsonian exist so as to
protect them from accepting stolen goods. In the case
of the Cridlin specimens, the Calvert Marine
Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter
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The Plesiosaur that Ate
Like a Whale
Frank Robin O'Keefe, Ph.D.
Marshall University, WV, USA
okeefef@marshall.edu
Cranial Anatomy of Morturneria seymourensis
from Antarctica, and the Evolution of Filter
Feeding in Plesiosaurs of the Austral Late
Cretaceous
Journal of Vertebrate Paleontology
[link to paper, free access:]
http://www.tandfonline.com/doi/full/10.1080/02724
634.2017.1347570
Plesiosaurs are familiar ocean-dwelling
lizards from the age of dinosaurs, known for their
four flippers, stout bodies, and long necks. However,
until now all plesiosaurs were thought to be
predators that ate fish, squid, and even other marine
reptiles. In this paper we describe a plesiosaur with a
large round head, a huge mouth, and tiny teeth in the
lower jaw that point the wrong way. The teeth did
not meet tip to tip as in all other plesiosaurs, but lie
together in a battery that acted in straining food
particles from the water. This feeding style is
unknown in other marine reptiles, but is found in
today's baleen whales. Our identification of whalelike filter feeding is a startling case of convergent
evolution; plesiosaurs and whales shared many of the
intervening steps in the evolution of this feeding
style, and their extreme morphologies are similar
despite arising from different ancestors. The
evolution of filter feeding may be linked to changes
in ocean circulation brought on by the southward
Life Reconstruction of Morturneria. Notice how the
movement of Antarctica during the Late Cretaceous.
teeth in the lower jaw point downward. In other
This research is published by an international
plesiosaurs, the lower teeth pointed upwards to
team of paleontologists from Chile, Argentina, and
intermesh with the upper teeth in a crisscross
the United States led by F. Robin O’Keefe, Professor
pattern. In Morturneria, when its jaws were shut, the
of Biology at Marshall University in Huntington,
teeth in the upper and lower jaws lay next to each
WV, USA.
other forming a natural sieve, presumably used to
The reconstructed ½ life-size model of
filter food.
Morturneria was created by Calvert Marine Museum
paleontologist, Stephen Godfrey under the direction
of Dr. O’Keefe. The model is presently on display at
the Calvert Marine Museum in Solomons, Maryland.
Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter

15 The Ecphora September 2017
Tools used to sculpt and create the scaled and
wrinkled skin texture in the soft plastercene.

Early stage in the plastercene sculpting of the ½ lifesize model of Morturneria. Mustache and eye added
in jest. Brianna for scale...

Polymer clay was used to make the teeth.

Air-brushing acrylic paint. Photos by C. and S.
Godfrey. ☼
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Monster Meg Found
SharkFest 2017

Christina Prochownik found this handsome meg
while diving...now that’s a good day. Photo
submitted by C. Prochownik. ☼

Once again this year, SharkFest was a wonderful
success with CMM Fossil Club members and the
Paleo Department contributing exhibits of their
fossil shark teeth. Mike and Kathy Ellwood (right)
and John Nance (center) interpreted fossils for the
many hundreds of visitors that passed by our tables.

Dinosaur Muffin Mold

Photo submitted by M. Ellwood. ☼

CMM Assistant Curator of Paleontology, Donald
Morgan III showed models of enlarged shark body
scales (i.e., placoid scales).

Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter
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SharkFest continued –

Perennial favorite, Steve Grossman (seated center)
with his large collection of fossil shark teeth. Photos
by S. Godfrey. ☼

Peruvian Art by Mario Urbina
Schmitt - Continued

Miocene penguins and other marine organisms.
Photos by S. Godfrey. ☼

Oligocene Toothless Odontocete
Discovered
http://www.indialivetoday.com/extinct-speciestoothless-whiskered-objectively-cute-mini-dolphinfossils-discovered/191910.html
Submitted by A. Alford. ☼

Chrystal Godfrey for scale.
Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter
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Meg Model in Peru

The Vaquita is a critically endangered porpoise that
lives in the Bay of California. During SharkFest,
Becca Ratchford helped draw attention to its plight
and inform visitors how they could help. If you are
interested in helping, go to www.vivavaquita.org. ☼

Whale Archival Jacket

This fantastic model of a megalodon shark can be
found in the Peruvian village of Ocucage. We need
one of these at the Calvert Marine Museum. Photo
by J.-M. Abela. ☼

Save the Vaquita!

(From left to right) Becca Ratchford, Stephen
Groff, Cecily Hein, John Nance, and Donald
Morgan III complete an archival jacket for one of
our Miocene baleen whale partial skulls. Photo by S.
Godfrey. ☼

Mesozoic “Flying” Mammals
https://mobile.nytimes.com/2017/08/09/science/dino
saurs-flying-mammalssquirrels.html?emc=edit_th_20170810&nl=todayshe
adlines&nlid=61204741&referer=androidapp://com.google.android.gm
Submitted by D. Alves. ☼

Paleo Art by Portia Rollings
http://www.articulus.studio
☼
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Eroded Meg Tooth found in
Miocene Carbonized Wood

Pat Gotsis found this juvenile Carcharocles
megalodon tooth along Calvert Cliffs imbedded in
carbonized wood! The wood had fallen to the beach
and the tooth was seen partially protruding from it!
Curiously, the surface of the tooth gives the
impression that it was eroded; the serrations are
gone and details are not preserved. It would appear
as though a juvenile meg bit the floating Miocene
wood – probably in an exploratory way to assess its
palatability – at which time the tooth became
imbedded in the wood and preserved thusly. Hand by
M. Baughman, photo by S. Godfrey. ☼

Whale Shark Sighting off Ocean
City, Maryland
http://www.delmarvanow.com/story/news/local/mar
yland/2017/07/05/second-whale-shark-sightingleaves-ocean-city-fishermen-awe/451435001/
Submitted by L. Hanna. ☼

Partially Serrated Miocene
Mako Tooth

Mike Ellwood found this mako (Carcharodon
[Isurus] hastalis) tooth along Calvert Cliffs that was
trying very hard to be its close relative Carcharodon carcharias (aka the great white shark).
Current scholarship has it that C. hastalis ultimately
gave rise to C. carcharias during the Pliocene
through the introduction of serrations along its
otherwise smooth cutting edge. This Miocene Calvert
Formation specimen suggests that some C. hastalis
were experimenting with serrations long before the
Pliocene. Photos by S. Godfrey. ☼
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The Ecphora is published four times a year
and is the official newsletter of the Calvert Marine
Museum Fossil Club. The Editor welcomes
contributions for possible inclusion in the
newsletter from any source. Submit articles, news
reports of interest to club members, field trip
reports, and/or noteworthy discoveries. All
opinions expressed in the newsletter are strictly those
of the authors and do not reflect the views of the club
or the museum as a whole. Copyright on items or
articles published in The Ecphora is held by
originating authors and may only be reproduced with
the written permission of the editor or of the
author(s) of any article contained within.
Editor’s Address:
Stephen Godfrey Ph.D.
Curator of Paleontology
Calvert Marine Museum
P.O. Box 97
Solomons, MD 20688
Godfresj@co.cal.md.us

Many thanks to Mike Ellwood and John Nance for
proofreading this edition.
Newsletter website: http://calvertmarinemuseum.com/204/The-Ecphora-Newsletter

