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Arms Races and Extinction:
Research in the Maryland Miocene
Patricia H. Kelly
University of North Dakota

Thor A. Hansen
Western Washington University

One of the most controversial ideas in
paleontology today is the "hypothesis of
escalation." This hypothesis was proposed
in 1987 by Geerat Vermeij (now at
University of California, Davis, but formerly
of University of Maryland;
Gary has
collected in the Maryland Miocene and may
be known to some Fossil Club members).
According to this hypothesis, the history of
life has been an arms race: biological hazards
such as predation have become more severe
through time, and organisms have become
better adapted to deal with these hazards.
For the past several years, we have been
testing this hypothesis (with funding from
the National Science Foundation) by
studying history of naticid gastropod
predator-prey system.
Naticids (moon
snails) are responsible for many of the
drillholes that are so obvious in the shells of
fossil molluscs. (They are also cannibalistic,
which makes them even more fun to study.)
Drillholes provide much information about
the history of predation, including the size of

the predator (which is related to size of the
drillhole) and whether an attack was
successful (incomplete holes that don't
penetrate through the shell, represent failed
attacks).
Our earlier study was a survey of naticid
drilling from seventeen different formations
along the Gulf and Atlantic coasts. We
collected data on predation on nearly 50,000
specimens ranging in age from Late
Cretaceous through early Oligocene.
Predators and prey apparently were involved
in an arms race during this time interval.
Drilling occurred at moderated levels in the
Cretaceous; about 10-20% of the molluscs
from that period were killed by naticids.
Drilling dropped off crossing the famous
Cretaceous-Tertiary
mass
extinction
boundary, but then rose again after the next
mass extinction event, at the end of the
Eocene. Meanwhile, through all the changes
in drilling frequency, prey seem to have been
(Cont'd on page 3)
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From the Editor
This is my first issue of the Ecphora as the new editor. I hope that you find it interesting and
useful. This will be the last issue of this year. Beginning with the next issue, it is my
intention to publish the Ecphora 4 times a year. The winter issue will come out in January,
spring in April, summer in July and the fall issue in October. Hopefully our budget and
resourcefulness will allow this to happen.
I have been talking with a lot of you to try to get a feel for the members wants and
preferences, as well as suggestions and help. If I haven't talked to you already, be assured
that sooner-or-Iater, I "",ill. As you can se~ by this issue, I have changed the general look of
the Ecphora, but it remains substantially the same. Unfortunately the field trip report will be
a bit brief, as you will notice.
In forthcoming issues I hope that I will be able to include the occasional photograph, articles
with drawings, as well as the personal stories and experiences of our members. Something
I have learned very quickly is that constructing the newsletter requires a lot of input from the
membership. I need the support of everyone. We all enjoy reading about who-found-whatand-where, but that information is not always easy to come by. Within our club there is a
wealth of information, expertise, and experience. The newsletter is the perfect place to share
them. All suggestions, comments, or even criticisms, are welcome. Anytime you have an
idea, suggestion, or know of information-cAu-) contributions are essential. Also I need
feedback. (We need an article on... , Did you know about ... , That was a boring article ..... and
so on.... ) Please let me know of any ideas that would be of interest to our membership, or
even if you didn't get you copy of the Ecphora, you can reach me at the following address,
or you can just give me a call.
Bill Taylor
5545 Hecate Court
Fairfax, Virginia 22032
(703) 250-3520

The Ecphora is published quarterly by the Calvert Marine Museum Fossil Club. Pennission for the
reprinting or duplication of material contained herein is granted subject to the concurrence of the author and
credit acknowledged to the newsletter.

Material for the next issue is due to the editor by December 31, 1994. Please send
any material to the editor at the address given above.
Thanks to contributors for this issue: Patricia Kelly, Thor Hansen, and Bob Purdy
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Research in the Maryland Miocene
(Continued from page 1)

building up their defenses. There is a fairly
steady increase in the percent of incomplete
drillholes through time, perhaps because
prey were developing thicker, more armored
shells. Our results seem to indicate that
mass extinctions have an important role in
controlling escalation.
We thus have
developed
our own,
more specific,
hypothesis of escalation for the naticid
gastropod predator-prey system. We think
that mass extinctions "reset" the escalation
clock by preferentially eliminating highly
armored pry species.
Therefore, after
extinction
episodes,
drilling
rises
dramatically. However, as the mollusc fauna
begins to recover, prey improve their
defenses and drilling declines· as a cause of
mortality -- until the next extinction wipes
out those highly escalated prey.

on the Bay and at Drumcliff, 19 on the
Eastern Shore, 22 at the Chesapeake Ranch
Estates, and 24 at Chancellor's Point and
Langley's Bluff). We collected whole shells
from outcrops and beach float, and took bulk
samples from slump blocks. We should end
up with plenty of data, as we shipped back
899 Ibs of shell (including some sediment) to
our universities.
We wish to thank all those who assisted us
by providing us access to localities: Joseph
Anderson, Dave Bohaska, Elinor Cofer, Louis
Goldstein, Judy Roa, Dr. Veitch, and Carol
Yatchum. Mike Gottfried provided a tour of
the Calvert Marine Museum and access to
the collections there. Special thanks to
Connie and Larry Smith for looking after us.
Logistical support was provided by Lauck
Ward of the Virginia Museum of Natural
History, and by Norman Gilinsky of Virginia
Tech.

We are now in the process of testing our
idea about the role of mass extinctions in the
naticid predator-prey arms race. We plan to
extend our survey of predation up the
stratigraphic column, into the Miocene,
Pliocene, and Pleistocene. Both the Miocene
and Pliocene exhibited extinction events, and
we want to see the effect of·· those
extinctions on the predator-prey system.
Thus these ideas brought us back to the
Maryland Miocene this past summer. Both
of us had collected here many times in the
past, and we recognized that the Calvert,
Choptank, and St. Mary's Formations have
important information to reveal about
predation levels in the Miocene.
We spent two weeks in the field (the end of
June; it was hot!). We collected from all
three formations (zones 10 on the Bay, 17
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From the President
Mike Ellwood, President, CMMFC

Welcome back from the summer!!! I hope each of you got a chance to do some good
collecting. Be sure to bring in your finds to share with all of us at the Fall Meeting. What I
really hope is that you took advantage of this time to share our hobby with someone else,
preferably a child. The school systems do not have the time, resources, or available collecting
locations to let children experience the thrill of finding a "real fossil" of their own. Taking the
time to explain paleontology to others is both fun and a great way to learn more yourself.
This is why the Club sponsors a booth at the CMM's Family day ,in,May, and at the PRAD
(Patuxent River Appreciation Days) in October.' We are always on the look-out for volunteers
to help with the booth because that lets us have more fun, and work with more people.
Please call up and help us out this fall. In addition, the club has set up a booth at the CMM
on a weekend in June. At this time, we also have an exhibit in the Silver Spring, MD library
for the month of September. Come by and see it if you are nearby.
As you can see, the club takes it charter for education seriously. Please come to the Fall
meeting, and try to find some time to either help at PRAD or do some one-on-one mentoring.
Its good for all of us. Who knows, the mind you save may be your own.

News Bits - Items and Information of Interest
The book "Fossils Sharks of the Chesapeake Bay Region" by Bretton Ke'nt will be available to
club members at the fall meeting for only $7.00 a copy. This represents a savings of almost
50% on this fine book, which retails for $12.95. The dentition charts alone make this a really
fantastic buy.

Major Dinosaur Find in the Gobi desert of Mongolia. Scientists have found a treasure trove
of unknown carnivorous dinosaur fossils as, well as several "nurseries" containing well
preserved eggs. According to Michael J. Novacek, curator of vertebrate paleontology from
the American Museum of Natural History and one of the leaders of the expeditions, "The
fossils will be 'extraordinarily important' for understanding the evolutionary changes from
dinosaurs to birds, and in shedding light on the early days of mammals". In July, 1993, in ten
days, they found almost 100 dinosaur fossils, 175 lizard fossils, and skulls and skeletons of
147 very rare mammals. The fossils, believed to be approximately 80 million years old,
included - six armored ankylosaur dinosaurs, some with tails and tail spikes perfectly
preserved; over a dozen carnivorous theropod dinosaurs which include some new types; a
skull and complete skeleton of a theropod Oviraptor; six skeletons of Mononykus, a transition
between birds and dinosaurs. The fossils range in size from the shrew to the squirrel. The
fossils are unusually complete with anatomical details. The blowing sands of the desert
quickly buried the animals after death, and might even have killed some of them. Novacek
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said, "We're picking up ... an extraordinarily rich picture of a dinosaur community toward the
end of the dinosaur empire, that captures both the decline of the dinosaurs and the ... rise of
the diversity of mammals".

Farmer unearths jawbone from giant beaver. A farmer who found the jawbone of a 7-foot
long beaver says he thought the remnant of an animal that roamed the wetlands of Wisconsin
more than 9,000 years ago was a tusk. "I thought maybe it was from a wild boar," said Jim
Erb, the Jefferson County daiiY farmer vvho unearthed the bone in June.
Researchers say the animal could have weighted 350 pounds. The jawbone, the only part yet
uncovered, had incisor teeth several inches long. John Dallman, curator of paleontology at
the University of Wisconsin Zoological Museum, said the ancient beavers probably were
aquatic and ate plant food in glacial lakes. The giant beavers were twice the length and six
times the weight of their modern relatives. The only animal capable of killing one would have
been a mountain lion, "and I don't think they would bother," Dallman said. The bone, which
Erb spotted as he was digging a sump hole next to his pond, hasn't been dated yet. He
donated it to the University of Wisconsin-Madison. The fate of the beavers is unclear.
Dallman said that warm weather could have dried up the glacial ponds. The ancient beavers
may have met stiffer competition for food and died out, he said.

Walking away from a fish-eat-fish world. Hynerpeton bassett; lacked the tough body and
huge teeth so prevalent among the heavies in Pennsylvania swamps 365 million years ago,
but this newly discovered creature did sport an edge over the fierce fish it competed against lungs and limbs to carry it onto land, making it one of the earliest vertebrates to conquer the
continents. The H. bassett; fossil found last year is the oldest tetrapod (four-legged)
vertebrate found in North America and the second oldest in the world. According to Edward
B. Daeschler of the Academy of Natural Sciences, the animals displayed adaptations to land
locomotion earlier than those in amphibians that came several million years later. For decades
it has been speculated that tetrapods evolved because of climatic changes, but more recentiy
some have favored that evolution may have favored the amphibians because they could
escape the competition in the water and exploit new resources on land. Neil Shuben (U.
Penn) favors the later. "It's an arms race.
Everything was getting bigger, with huge
teeth and armor. What this thing seems to be
doing is not getting bigger and heavier or
more armored. It seems to be leaving the
fray. It's winning the battle by avoiding it,"
he says.
Hynerpeton bassetti emerges from the swamp
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Membership Report
AI Snelson, Membership

Chairman

The Fossil Club currently has 152 individual/family memberships. This figure has increased
from 142 memberships last year. Additionally there are 14 honorary and 3 student
memberships.
In an attempt to reduce costs and provide a clear financial picture at the onset of the year,
a major restructuring of the clubs billing process is now underway.
Previously, Fossil Ciub dues were collected fiscally, depending on the month of the year the
member joined the club. Hereafter, all memberships will be renewed annually, payable on the
first of January.
In order to facilitate this change to an annual system, the membership will be subjected to a
one-time adjustment. This adjustment will include the regular yearly dues plus an adjustment
for the remaining months in 1995. For instance, a member who joined the club in July will
pay the yearly $7.00 fee for July 1994 to July 1995, plus $3.50 for the remaining months
in 1995. Eventually, all members' dues will be paid in full through to December 31, 1995.
As of January 1, 1996 annual dues will return to $7.00 for individual/family and $3.50 for
students.
Also, there will be an alteration to the way members will receive renewal forms. These forms
will no longer be sent separately in the mail. Future renewal forms will be included in the Fall
and Winter Ecphora.
The Calvert Marine Museum Society offers a variety of clubs at an additional fee, which its
members may participate in. However it is important to understand that these club accounts
are separate from the museum's. The museum staff does an outstanding job of handling our
club's account, but they are not responsible for reporting the names of Fossil Club members
who combine their club dues with their museum dues. When the dues are combined, the club
does not recei_v_e
their portion of the check until the end of the fisca!c,year. This could also
result in some members not receiving their Ecphora.
If you have any questions or concerns, please contact me C/O:
Calvert Marine Museum Fossil Club
P.O. Box 97
Solomons, MD 20688-0097
Attn: AI Snelson.
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Treasurer's
AI Snelson,
As of July 1, 1994, the CMMFC has a
cash-on-hand balance of $272.93.
This
years
income
was
derived
from
membership
dues ($1062.50)
and the
surplus income from FY 1993 ($132.12).

$557.88
$713.90
144.80
326.86
$272.93
$132.12
255.20
0.00
25.00
956.69
0.00
$987.00
$20.00
280.00
101.81
50.00
0.00
$505.93
$1062.50
$943.00
$941.131.25
70
50.00
1316.81
$891.00
$2.00 $559.89
Membership $1057.00
Dues
next Fiscal Year

Report
Treasurer
Our main expense is the prtntlng of the
Ecphora ($557.88) and postage ($255.20).
Telephone
bills
($118.61)
and
miscellaneous expenses ($25.00 ) account
for the remainder.

118.61
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Will the real Carcharodon auriculatus Please Stand Up?
Robert Purdy
Department of Paleobiology
National Museum of Natural History
Smithsonian Institution

If you are confused about the identity of
Carcharodon auriculatus and C. angustidens,
there is good reason for it. The names are
applied
interchangeabiy
by many
paleontologists. Is one a junior synonym of
the other or have the two names just been
confused over the years? The answer
appears to be the latter. A brief history of
the two species will help place the problem
in perspective.
History
Based on illustrations of two Carcharodon
teeth figured (See figure 1) in a work (1784)
by a Belgian named Burtin de Blainville
(181 8) erected the species Squalus
auriculatus. Neither de Blainville nor anyone
after him examined the actual type
specimens, which as you will see below
added to the confusion about this species.
In 1843, Agassiz published his work on
fossils fishes, and in it he described another

specimen as a new species and named it
Carcharodon auriculatus.
In morphology,
this specimen is very similar to that of his
species C. angustidens Agassiz also
described in his work. Since Agassiz stated
that he thought his species might be
synonymous with de Blainville's, but as we
can see from figures 1 and 2, it is not.
Since Burtin's work was not readily available
to them, many paleontologists followed
Agassiz's concepts of these species.
Although Storm's (1901) and Leriche (1905)
pointed out Agassiz's mistake, the confusion
persisted.
Authors in other countries
compounded this confusion by identifying a
Miocene species of Carcharodon with

Figure 2
Agassiz.
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Figure 1. Type specimens of Carcharodon
auriculatus (from Burtin, 1784)
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Type of Carcharodon auriculatus

remnant lateral cusplets as C. auriculatus or
C. angustidens.
Even today, these two
species are still being misidentified.
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Identities of Fossil Carcharodon Species

C. angustidens, but they differ from it in that
the anterior teeth do not have distinct later
cusplets. We are calling this species C.
subauricu/atus. For now we are separating
the Pungo river form from C. mega/odon on
the basis on the prevalence of lateral
cusplets in the dentition.

What is the identity of Carcharodon
auricu/atus de Blainville and does it differ
from C. angustidens Agassiz? What are the
identities of other white shark teeth
mistaken for these two species?
De
Blainville based his species on
two lateral teeth with distinct
Identifying Shark Teeth
lateral cusplets and coarse
Taxonomic
serrations. Unlike the teeth of
Taxonomic stability is not in
Stability
is
the
Eocene
Large-toothed
sight! The diagnostic characters
mentioned above have not been
species, including juveniles, de
not in sight!
Blainville's only type viewed
tested on global populations of
from the lingual side (R in figure
each species, which may be
difficult for the rather rare C.
1) lacks a prominent neck area.
sok%wi
and the rarer C.
These teeth, then, represent a
small toothed species, which
angustidens. Another problem is
Case and Cappetta (1990:7) also suggested.
that primitive characters, such as coarse
If the ·large-toothed
species is not
serrations, can occur in later species. Finally
Carcharodon auricu/atus, what is it? Case
the numbers of specimens for each species
and Cappeta (1990:6-7) assigned these
is not large enough to determine the
teeth to C. sok%wi Jaekel (See figure 4);
predominate characters for eachspecies. In
for now this assignment seems valid. As
isolated teeth, this task is, at best, difficult.
reported by Case and Cappetta (1990), the
teeth of this species usually have coarse
In summary, Carcharodon auricu/atus de
serrations on their lateral cusplets.
Blainville is an Eocene small-toothed species;
Agassiz's species by the same name is not
Agassiz, based Carcharodon angustidens
valid. Large Eocene Carcharodon teeth with
coarse serrations on their later cusplets
upon three lower anterior teeth (See figure
should be assigned to C. sok%wi. Those
3); he c.haracterized these teeth as having
teeth with fine serrations on their lateral
slender crowns, which also occurs in C.
cusplets and with broader crowns should be
sok%wi. In the living white sharks, adults
can have either slender or stocky teeth; this
assigned to C. angustidens, and those
variation also occurs in Carcharodon
without
distinct (or separated) lateral
mega/odon, therefore, slenderness is not a
cusplets belong to .C. subauricu/atus.
valid taxonomic character.
The fine
Remember you will find exceptions to these
serrations on the lateral cusplets and the
characters for each species. The species is
determined by the predominant character(s)
broader crowns may serve to separate this
species from the Eocene form.
along a large number of specimens from the
same stratigraphic horizon.
The teeth of the Lee Creek Pungo River
Carcharodon are similar in form to those of
9
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Museum Notes
Mike Gottfried
Calvert Marine Museum

I hope that many club members have had a chance to stop by CMM and see the new otter
exhibit -- our two playful otters have been entertaining museum visitors (and staff) since the
end of June. Hint: the otters tend to be the most active in the morning and late afternoon,
and often take a nap during the middle of the day (a very sensible approach to life). Now that
the otters new home is finished, we will be working more intensely on the new fossil hall in
the coming months. You might be interested in stopping by the model shop, where Jimmy
Langley has started work on the full-sized Carcharodon mega/odon skeletal restoration.
Our "Get a piece of the Shark" fund raiser, which was included in the summer issue of the
"Bugeye Times," has been very successful so far, with a total of almost $4,000 raised (as of
early August) for the "megatooth" reconstruction. Thanks go to the many CMMFC members
and other museum supporters for their generous donations. A recently published book should
be of special interest to club members. It is "Fossil Sharks of the Chesapeake Bay Region."
by Bretton Kent, which is the most detailed single-volume reference available on fossil sharks
from our region, and includes late Cretaceous as well as Cenozoic forms. The book includes
line drawings of complete dentitions for 20 species, which will help you figure out not only
which shark an isolated tooth belonged to, but also where in the jaws it came from. Readers
should note that paleo-shark specialists disagree on the scientific names for some of the
species included in this book -- for exampie Bob Purdy, Shelly Applegate, and Leonard
Compagno and I use Carcharodon mega/odon, for the giant fossil white shark, while Kent
follows Henri Cappetta and David Ward in referring to the teeth of this species as
Carcharoc/es mega/odon. Also, Kent splits the fossil sharks into a greater number of species
than do many other paleontologist. I'll discuss some of these points in a future "Ecphora".
Two other recent books list museum exhibits, parks, and other attractions that deal with
fossils, including, but not limited to dinosaurs. These are "Where to find Dinosaurs Today"
by Daniel and Susan Cohen, and "Dinosaur Safari Guide" by Vincenzo Costa. Both books
_Gover the U.S.A. anc:LCanada".-and_jDclude
caps_uledescriptiolJs of displays, direc.tions, and
other practical information. I'd recommend calling any museum or park ahead of time to
check on hours, holidays, etc., as these may have changed since the information was first
gathered. Both of these books, along with bretton Kent's volume are available in the CMM
shop.
The first CMM "Shark Fest" was held at the museum on July 23d and featured such shark
activities as the "pin the dorsal fin on the shark" game, shark fin ring toss, a "biggest bite"
competition, white shark videos, our scale-model megatooth skeleton, and other fun events.
Special thanks to Sandy Roberts for once again setting up a CMMFC table. The large and
enthusiastic turnout (despite the rainy weather) has encourage<;1us to make "Shark Fest" an
annual mid-summer event. We welcome any ideas for additional activities that will make next
years festival an even bigger success!
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All CMMFC field trips are limited. You must call in on the date and time indicated -NOT BEFORE.You may only call in for yourself and immediate family members; "Family
members" extend only to the spouse and children of a member. A single member
(without spouse or children) may call in for him or herself and one other fossil club
member. All other friends and family must call in separately. Contact AI Snelson about
Club membership
.'
September 18, Sunday. (***Please note the date is changed from previous newsletter)
Willows Field Trip. Miocene; Calvert Formation. Trip Leader: Terry Cirrincione. Due
to beach erosion, please do not bring small children. Meet at 9am on beach. Mention
Terry's name to the guard at the gate (this is a private community).
Call-in after
August 1 to Terry (202-882-6317).
October 8 & 9, Saturday and Sunday. Patuxent River Appreciation Days (PRAD). Volunteers
are needed for both days to staff our fossil table. Call Sandy Roberts (410-586-1791)
to volunteer.
...
October 15, Saturday. CMMFC Fall Meeting, Field Trip and Party. (* * *Note that this a
change of date from last newsletter) Courtesy of Larry and Connie Smith, Matoaka
Cottages (410-586-0269).
Arrive anytime to collect. Meeting will begin at 7pm.
Please bring food and drink to share and fossils to show-and-tell. Located 8 miles
south of Prince Frederick, turn left off of Route 4 at Calvert Beach Road. After about
1 mile, turn left at sign for "Matoaka Cottages" (but ignore previous sign on right
saying same). Park to right of circle.
October 22, Saturday. Gore and other locations. Mahantango formation, Middle Devonian.
Come hunt the elusive trilobite and other Devonian critters (Brachiopods, Cephalopods,
Crinoids, Gastropods, etc) with Trip Leader Mike Ellwood. Bring your rock tools! Call-in
to Mike at (301) 434-1032 on Monday, 3 October, from 7-9pm.
October 29, Saturday. Ranch Club. Zones 22/23 of St. Mary's Formation. Call in to Mike
Ellwood at (301) 434-1032 on Monday, October 3, from 7-9pm for more details and
directions.
November 5, Saturday. Westmoreland State Park. Limit 15. Members had a great summer
collecting everything from crocodile teeth to crabs to several 4" + C. Megalodon here.
Call Trip Leader Bill Taylor (703-250-3520) anytime after 1 November for more
information.
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