VVolume 20 « TOPICS IN GEOBIOLOGY
Series Editors: Neil H. Landman and Douglas S. Jones

Predator-Prey Interactions
In the Fossil Record

Edited by

Patricia H. Kelley, Michaf Kowalewski,
and Thor A. Hansen

From the Foreword

Predator-prey interactions are among the most significant of all organ-
ism-organism interactions. ... It will only be by compiling and evaluating data
on predator-prey relations as they are recorded in the fossil record that we can
hope to tease apart their role in the tangled web of evolutionary interaction
over time. This volume, compiled by a group of expert specialists on the evi-
dence of predator-prey interactions in the fossil record, is a pioneering effort to
collate the information now accumulating in this important field. It will be a
standard reference on which future study of one of the central dynamics of
ecology as seen in the fossil record will be built.

—Richard K Bambach, Professor Emeritus,
Virginia Tech. Associate of the Botanical
Museum. Harvard University

W

SPRINGER SCIENCE
+BUSINESS
MEDIA, LLC

ISBN 978-1-4613-4947-1



Contents

Introduction
Part I « Taxonomic Review of the Fossil Record of Predation

Chapter 1 « Predation on and by Foraminifera

Stephen J. Culver and Jere H. Lipps

L INEFOOUCTION. ...t 7
2. Predation on Living FOramMinNIfera. ..ot 8
3. Predation in FOSSil FOraminifera...........ccociiiiiiiicicice s 21
4. Paleobiological Implications of Foraminiferal Predation. .24
5. FULUIE RESEAICH. .....viiiiiiiiiiiiciccc bbb 27
6. Summary......... 27

RETEIBINCES. ...t bbb 28
Chapter2 « Predation in Ancient Reef-Builders

Rachel Wood
L INErOTUCTION. ..ottt 33
2. Predation onModem Coral REETS..........cccocuiiiiiiiiicicc e 34
3. Potential Amipredatory Traits in Reef-Builders............ 37
4. The Rise of Biological Disturbance in Reef Ecosystems.. ...43
5. Difficulties of Identification of Amipredatory Traits in Ancient Reef Organisms .45
6. Evolution of Amipredatory Characteristics in Reef Builders............ccocoeieinnne .. 46
7. Discussion and Future Work.. .49

RETEIENCES. ..o 50

Chapter3 « Trilobites in Paleozoic Predator-Prey Systems, and Their Role in
Reorganization of Early Paleozoic Ecosystems

Loren E. Babcock

O 11 (o To [0 Tod 1 o o SO PSPPSR 55
2. Predation ONTFIIODITES. .....ccvciciiec ettt s be b e 57

Xi



XI Contents

3. Predation DY TrilODITES. . ...t e
4. Final Comments: Predation on and by Trilobites in the Context of Ecosystem
Reorganization During the Early Pal@0ZO0iC.........cccoiuiiiiiniiiiiiicc et [o]|
RETEIEINCES. ...t

Chapter4 « Predation by Drills on Ostracoda
Richard A. Reyment and Ashraf M. T. Elewa

L INEFOOUCTION. ..ttt bbbttt bbbt 93

. GAStrOPOd DII-NOIES. ...ttt e

. Paleoethology and Paleoecology 0fthe Predators.........coccvciiinicennieseseeessie e

. Size, Predation Pressure and Selectional Effects.........ccooriiieiiniiiiseeeeeeee e

. Ornamentation Complexity and Predation Intensity

. Holes 0f NON-MOIUSCAN OFIQIN...c.oiiiiiiiiiiriec et

. Future DireCtions fOr RESEAICI.........ciiiiiiiiiiieciee ettt
RETEIENCES....coiicecicc e

~No o wN

Chapters ¢ The Fossil Record of Drilling Predation on Bivalves and Gastropods

Patricia H. Kelley and Thor A. Hansen

L INTrOAUCTION. ...t n3
2. Data on Drilling Predation Extractable from the Fossil ReCOrd.........c.coooceoiviiiinnnicnniccne 115
3. Testable Hypotheses in Evolutionary Paleoecology .

4. Arms Races and Drilling FreQUENCIES. ......coiiiiiiirreiiiriee et

5. Changes in Drilling Behavior through TimMe......cccoiiiiiiiee e 126
6. Relative Effectiveness of Predator and Prey... ...129
7. Summary and DiSCUSSION.........ccccoeeerrrenene. ... 130

RETEIENCES. ..ttt ettt b ettt e b st et a et et be bt ae e r b ne et st neers 133

Chapter6  The Fossil Record of Shell-Breaking Predation on Marine Bivalves and
Gastropods

Richard R. Alexander and Gregory P. Dietl

L INTrOAUCTION ...t 141
2. Durophages of Bivalves and GastrOPOUS. ........cocoueueiririeerinieiisisie et 142
3. Trends in Amipredatory Morphology in Space and Time... ...145
4. Predatory and Non-Predatory Sublethal Shell Breakage...... ...155
5. Calculation of Repair Frequencies and Prey Effectiveness. ...160
6. Prey Species-, Size-, and Site-Selectivity by Durophages.. ...164
7. Repair Frequencies by Time, Latitude, and Habitat..............ccccoiueiiiniciiicicecc e 166
8. Concluding Remarks.........ccccoveenreeiinnieennicieenns . 170

RETBIBINCES .ttt ettt ettt et b et a e r bbb st e e re b nrene s 17Q



Contents

Xiii

Chapter 7 + Predation on Cephalopods: A General Overview with a Case Study From the

Upper Carboniferous of Texas

Royal H. Mapes and David T. Chaffin

L INEFOAUCTION. ...t In

2. BACKGIOUNG......eouiiieiiietee et bbbttt b ettt b s '79

3. Case Study: Lethal Predation on UpperCarboniferous Coiled Nautiloids and Ammonoids... 187

4. Studies of Predation and Cephalopods Through Time.......ccoociriiiininienreeeee e 206

5. Conclusions and FUUFe STUAIES. .......c.cceucuiiiiciiiiiiiicr e 208
APPENdiX..c.covveiireeiicee

References

Chapter 8 « Predation on Brachiopods

oUThAWN

. Discussion
o ATEI the PAIEOZONC......cuiieciitc et bbb
. Final Thoughts and FULUIe DireCtioNS........cceiiiiieeriiieeirsicesieee s

Lindsey R. Leighton

e INTFOAUCTION. ..ttt st s et e st et e s e e b e b eseebesae e eraetenren 215
B |V =1 1 o Yo OO PPPRSRSTORSRPSPPRO

RESUILS ...ttt ettt et ettt et e be b e e s e e b et e s e et e b et e ne et et er e e be et et eteetenrene s

Appendix - Ornament and Population Data...
RETEIBNCES. ...t

Chapter9 « Predation on Bryozoans and its Refiection in the Fossil Record

aP»wN e

Frank K. McKinney, Paul D. Taylor, and Scott Lidgard

o INEPOAUCTION. ... s
. Predation on LiViNG Bry0ZOaNS........cccoiiiiiiiiiiiiiiicensieie et
. Fossil ReCOrd 0f Predation...........ccciiiiiiiiiiiciccreceicrie bbb s

. Possible Evolutionary Responses to Predation.. "
. SUMMArY aNd CONCIUSTONS ...ttt sttt

[RECT L= CT AT OSSPSR

Chapter 10 « Predation on Crinoids

gORWN R

Tomasz K. Baumiller And Forest J. Gahn

e INEPOTUCTION ...ttt bbbttt n b 263
. A Paradigm Shift?..
. Neontological Studies of Predation..
. Paleontological Studies of Predation
. Conclusion...

R EIENCES. .. ettt ettt b et sttt et et a ettt b et re et b et st neeren 276



xiv Contents
Chapter 11 « Predation on Recent and Fossil Echinoids

Michat Kowalewski and James H. Nebelsick

L INEEOAUCTION .ottt ettt st st aeebe st e s e b e st e b eteabesre s eteebenaens 279
2. Predators 0f Living ECHINOIUS. .....ccooiiiiiiiie et 280
3. The Fossil Record of Predation and Parasitism on Echinoids.. .291
4, Future Research DireCtions........ccccvveeieieiiesiceie e ..295
D SUMIMAIY .ttt b bbb s bttt b b b e st e bt bbbt e bt et b et e st et b enn e 297

RETEIBINCES. ..ttt ettt bbb b et se et e e b et a et s bt eeteebenrene s 297

Chapter 12 « Predation of Fishes in the Fossil Record

James McAllister

L INTrOAUCTION. ... o
2. Origin of Fish Predation..........ccccceceonneiinnccnne .304
3. Evidence of Fish Predation from the FossilRecord.. 311
4. SUMMAIY .ottt e ...322
RETEIEINCES. ...t 323
Chapter 13 « Dinosaur Predation: Evidence and Ecomorphology
Thomas R. Holtz, Jr.
L THEropoas @S PrEOALOIS. ........ciiiiiiiierieieteiree ettt ettt 325
2. Fossil Evidence of Theropod-PreyInteraction...........ccoocieiriinnciensiscesseess s 327
3. Theropod Ecomorphology.........ccccoeeennne ...330
4. Prey Defenses......ccccoevennne .. 337
5. Conclusions.. ..337

R EIBNICES ..ottt sttt b et et ae et bt r e bt s e b ea et teete st e e reern

Chapter 14 « Bones of comprehension: The Analysis of Small Mammal Predator-Prey
Interactions

J. P. Williams

Lo INEFOTUCTION ..ttt b et b bbbt bbbt 341
2. ldentifying the Predator ..342
3. FOSSI EVIOBNCE. ...ttt bbb ettt sttt e en e
4. Summary....... .

RETEIEINCES. ...ttt ettt ettt be bt e s e e be b e s s ek e e besa e st ebe st et eneeseteneetenre s e



Contents x
Chapter 15 « Early Human Predation

Richard Potts

L INEPOAUCTION. ...ttt 359
2. Interpreting Early Human Predation.. ...360
3. Primate Background..........c.ccoooiiiiininiiinneene ...361
4. Evolutionary Basis of Human Predatory BEhavior..........ccoooiveiiinnciennce e .. 362
5. Ecological Overlap and Interaction betweenHominins and Other Predator/Scavengers......... 364
6. Predator-Prey Interactions during Human Evolutionary History.......c..ccoveinniienncicncinns 365
7. Conclusion

References

Part Il « Major Macroevolutionary Episodes in the History of
Predation

Chapter 16 « Origin and Early Evolution of Predators:
The Ecotone Model and Early Evidence for Macropredation

Mark A. S. Mcmenamin

L INEFOAUCTION ...ttt ettt te —ete e et et et e e b e s b e e teebe st e e ebesbe s eseese b eseabesse s ereebensans 379
2. THE FIISE BItE...iuiciiitiiieiciecte ettt ettt b e st et et e e b et e st e be b e s s esesne st eraatesrens 383
3. The ECOtONE IMOUEL.....cviiceiieiceceeee ettt ettt b e b ens 385
4. Summary

LR ECT L= CT AT OSSR PSRT 398

Chapter 17 « Durophagous Predation in Paleozoic Marine Benthic Assemblages

Carlton E. Brett

L INEPOAUCTION ...
2. Paleozoic Predators
3. Trace Fossil Evidence 0f Predatory Attack.........cooceoiiiiiinniieicceecse s 406
4. Possible Consequences 0f Predator ESCalation..........ccovceiiicenninennie e 418

5. Discussion: Tests ofthe Mid Paleozoic Escalation Hypothesis and a Preliminary Model of
ESCAIALION ...t

6. Summary....
RETEIEBNCES. ..o

Chapter 18 « The Mesozoic Marine Revolution
Elizabeth M. Harper

L INTrOAUCTION. ...t 433
2. Establishing a Chronology forthe MIMR ..o 435
3. Prey Responses to Increasing Threat 0fthe MIMR ... 440



XVi Contents

4. Discussion and FULUIe DIFECLIONS......c.ciuiirierieiitiiee ettt st be e ns 447
RETEIEINCES. ...ttt ettt ettt e s e b e s e besb e st e st ete et et e neerenteneerenne s 451



