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Without the enthusiastic contributions of dozens of private collectors and professional paleontologists and 
researchers, it should be more than obvious, this book could never have been published. Nonetheless, I would 
like to express my personal gratitude to some of the many institutions and individuals who were pivotal in 
bringing this “magnum opus” to fruition.

I am aware of the enormous debt I owe to my friend, Carlo Kier, who lent his financial support to the entire 
project as well as put his exceptional collection of trilobites and his immense photographic archive at my disposal. 
I don’t believe I would have been able to complete this complex volume without his persistence, passion, and 
enthusiasm and he is, in every way, this book’s co-author!

Without the congenial, passionate, and professional collaboration of Dave Comfort in compiling and scientifically 
evaluating our photographic archives, there is no doubt that this volume would be less rich and less compelling. 
Dave deserves my thanks as well for the chapter he contributed on the cleaning and preparation of trilobite 
fossils. His step-by-step photographs are an excellent illustration of the patience and skill that the long and 
painstaking process of fossil preparation actually requires.

I send my warm thanks to my friend, Allart van Viersen, Guest Conservator at the Natuurhistorisch Museum, 
Maastricht (The Netherlands), for his invaluable assistance in the revision of this text and for permission to publish 
trilobites images of Devonian trilobites from Northern Europe and Morocco.

I am grateful to Dr. Maurizio Gnoli (†2023) of the University of Modena and Reggio Emilia and Dr. Annalisa 
Ferretti for the bibliographic and photographic material they so kindly provided, and which made it possible to 
include an analysis of trilobite thin sections in this volume. In addition to his natural, good-natured optimism, 
Maurizio also urged me on whenever my energies flagged during the development of this project.

The analysis of trilobite visual apparatus would not have been possible without the invaluable contribution of 
Dr. Riccardo Levi-Setti (1927 - †2018) of the University of Chicago. 

A special thanks goes also to Dr. Euan N. K. Clarkson of the Grant Institute of Earth Sciences in Edinburgh, Scotland, 
for having kindly provided us with electronic microscope images of the holochroal eyes of Sphaerophthalmus.

Much gratitude goes to Adolf Seilacher (1925 - †2014), Emeritus Professor, Institut und Museum für Geologie 
und Paläontologie, University of Tübingen (Germany) and Associate Professor, Yale University, for the images of 
trace fossils.

The organization of some of the themes in this book is based upon schemes created by Sam ‘Ohu Gon III on his 
extraordinary website, http://www.trilobites.info. Having unlimited access to the materials he so kindly made 
available to us (such as his drawings of trilobites and his many explanatory texts) was of immense assistance as 
we conceived and developed the graphic component of this volume.
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In addition, I record my gratitude:

to Dr. Jih-Pai Lin (Alex), Associate Professor at National Taiwan University, for permission to publish materials 
related to Cambrian, Series 2 sites in Russia, Australia, and China, as well as for his assistance with the 
classification of many trilobite specimens and the creation of the “Origins” chapter;

to Dr. Andrey Y. Ivantsov of the Paleontological Institute, Russian Academy of Sciences, Moscow, Russia, for 
permission to publish trilobite images from the Sinsk Formation, Lena River, Siberia;

to Dr. James G. Gehling, Dr. James D. Holmes and Dr. John Paterson for permission to publish images of specimens 
housed in the South Australian Museum and material from the Cambrian, Series 2, Emu Bay Shales lagerstätte; 

to Dr. Richard A. Robison, Professor Emeritus, Department of Geology, University of Kansas, for the information 
and suggestions he provided regarding the classification of Cambrian trilobites from the United States;

to Dr. Dieter Waloszek, Professor at the University of Ulm, Biosystematic Documentation, Germany for kindly 
providing the image of Agnostus pisiformis from the Cambrian Alum Shales “Orsten” in Sweden;

to Dr. G. Geyer, Uppsala Universitet, Institutionen för Geovetenskaper, Sweden, for information regarding the 
Cambrian trilobites of Morocco;

thanks to Dr. Lerosey-Aubril Rudy for providing us material on the digestive system of trilobites;

to Dr. Schoenemann Brigitte of the Institute of Biology Education Zoology, University of Cologne (Germany) to 
providing me with photos of some scutellids that conserved traces of their original coloration;

to Dr. Xiao Shuhai from the Department of Geosciences, Virginia Polytechnic Institute and StateUniversity, 
Blacksburg, (USA), to providing me photographic material of one of the oldest bilaterian tracks described at today;

to Dr. John Stuart Peel from the Department of Earth Sciences (Paleontology), Uppsala University (Sweden), to 
provide me the amazing image of the Kleptothule rasmusseni;

to Harriet Drage from the department of Zoology, University of Oxford for the image of a molting Symphysurus 
trilobite;

to Dr. Claudia Wrozyna from the Universität Leipzig, Institut für Geologie und Geophysik for the images of ostracods 
showing the brood pouch;

to Dr. Lukáš Laibl and Dr. Thomas A. Hegna for photos of some possible eggs and protaspid forms of trilobites;

to Dr. Thomas A. Hegna, Dr. John R. Paterson, Mirco Alberti and Dr. Loren E. Babcock for the book review.

The active participation of private collectors from all over the world allowed us to include information about new and 
rare species illustrated for the very first time in this volume. We are grateful to:

A special thanks to the entire Cooper family:
Dan Cooper (Dad), who has generously provided us with numerous new locations to explore and to excavate.
Jason Cooper (brother), for his efforts in digging, collecting, and donating some of the most remarkable specimens, 
including “Godzilla”, at BPM.
Ben Cooper (@ben_paleo), for preparing the majority of the trilobites described in this book;
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Moreover, in these years the discovery of new deposits 
and new species (15.000 in 2009, today estimated at 
more than 25.000) has evolved the interpretation on 
the distribution, ecology, classification, morphology of 
these arthropods. 

In conclusion, the volume compared to the previous one 
has not only been enriched with new tables and icono-
graphic sources, but it has also been updated regarding 
the classification of trilobite orders, in accordance with 
the latest interpretations and studies. Studies that will 
lead to new interpretations, and consequently new re-
organizations of Families and genera within the class of 
Trilobites. 

What we hope is that this text will attract the interest of 
the “warned” collector, the professional or simply the 
passionate. We would also like to dedicate this work of 
ours to each one of them, in the hope of reinforcing the 
thin bridge that exists between public and private, both 
interdependent for study, field research, the discovery 
of new species and the evolution of scientific thought.

Enrico Bonino  Carlo Kier

Almost fiveteen years have passed since the printing of 
the first volume in the Italian language published by the 
Back to the Past Museum on trilobites. 

Encouraged by its success in Italy and abroad, we decid-
ed to publish the following year the translated version 
in English (The Back to the Past Museum Guide to TRI-
LOBITES). This new tome, enlarged with updated plates, 
became a best seller in the paleontological field, obtain-
ing an important worldwide distribution and a particu-
larly positive evaluation by the professional sector. 

This overwhelmingly positive response allowed for our 
project to continuously expand the museum’s collec-
tions. Additionally, we began implementing research 
campaigns (always respecting international rules and 
laws), started an intense collaboration with profession-
als in the field and consequently, have published in high 
impact scientific journals.

It is no coincidence that the museum’s collections con-
tain holotypes and paratypes of specimens of consider-
able paleontological importance. 

Much has happened since the publication of the first 
edition. We cannot fail to recall the sad demise of sci-
entific eminences who dedicated their lives to paleon-
tological research (Riccardo Levi-Setti, Dolf Seilacher, 
Tom Whiteley), and of friends who were collectors and 
preparators of the highest order (Harald Prescher and 
Dieter Holland). 
We are proud to have been able to work and exchange 
discussions with these men of science; they actively 
and enthusiastically participated in the writing and crit-
ical evaluation of the volumes we published. 

We dedicate to them the chapters in which they shared 
their professionalism and gracious availability. 
It seemed important to us to resume the discourse “in-
terrupted” a decade ago to publish an update of this 
book. Initially, a simple reprint was planned, given the 
pressing demand for the volume in Italian, and it has 
been sold out for some time now. From an initial reprint, 
we then moved on to an update: a new edition with 
new plates and a much-improved iconography. 

The techniques of preparation have evolved almost ex-
ponentially in this last decade, and new specimens with 
extraordinary ornamentation have come to light. 

Preface
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Presentation by Loren E. Babcock, Ph.D
A Treasure Trove of Trilobites

Trilobite. The word immediately conjures up a range of men-
tal images. Apart from dinosaurs, few animals known from 
the fossil record create such excitement in people. With their 
extraordinary visual appeal, their seemingly endless diversity 
in form, and their worldwide occurrence, trilobites are one of 
the most recognizable and sought-after invertebrate fossils.

Human fascination with trilobites has roots extending back 
at least 15,000 years. Among the early records of human 
interaction with trilobite fossils, some people of the First 
Nations in North America used specimens of the Cambrian 
Elrathia kingii from Utah for adornment or as charms long 
before the arrival of Europeans in the New World; and pygid-
ia, or tail shields, of Drepanura were known as “bat stones” 
to the Chinese since antiquity. Trilobites were first illustrated 
in scientific literature by Edward Lhwyd in 1699. One of the 
first to bring trilobites to the forefront of science, however, 
was none other than the great Swedish naturalist Carolus 
Linnaeus. In 1753, Linnaeus introduced ‘Entomolithus para-
doxus,’ and in 1768 he described an agnostoid, an olenid, and 
an asaphid as ‘subspecies’ of that form. Not long afterward, 
in 1771, Johann Walch coined the word “trilobite,” and we 
have used this word to the present day. The beginnings of a 
concerted effort to collect, describe, and interpret trilobites 
began in the early 1800s in Dudley, England, where for many 
years people have collected the Silurian Calymene blumen-
bachii, better known as the “Dudley locust,” or the “Dudley 
bug.” The original coat-of-arms of Dudley County is embla-
zoned with a “Dudley bug,” and this symbol still adorns the 
Dudley family’s coat-of-arms. Today, it seems that nearly 
every shop around the globe that sells rocks, minerals, and 
fossils has trilobites on the shelves. Some of the biggest at-
tractions in natural history museums are the displays featur-
ing trilobites. Among invertebrate fossils, trilobites are the 
leading subjects of books intended for a wide audience. Tri-
lobites are boundlessly popular, and those who have had the 
pleasure of collecting specimens themselves always seem to 
delight in relating the heroic tales of their trilobite-collecting 
experiences.
Covering the vast range of paleontologic topics that trilobites 
offer, and presenting a variety of these wondrous fossils in 
a useful and aesthetic manner, is an enormous undertaking. 
In an almost unfathomable labor of love, Enrico Bonino and 
Carlo Kier present these ancient arthropods in ways that 
will appeal to all who strive to understand the history and 
evolution of life on Earth. This volume, “The Back to the Past 
Museum Guide to Trilobites II,” expands on one of the most 
ambitious projects to document the diversity and scientific 
relevance of any invertebrate fossil group. 

The result is a dazzling array of breathtaking photographs, 
and an interesting, well-rounded, up-to-date, introduction 
to the paleobiology of trilobites and some of their close rela-
tives. Major topics addressed in the text include the classifi-
cation, evolutionary origins, morphology, paleoecology, and 
biogeography of trilobites, as well as field work and labora-
tory preparation of specimens. The highlight of this tour de 
force, however, is more than 160 pages of awe-inspiring trilo-
bite photographs, organized by localities and within periods/
systems of the Paleozoic. 
Most of the photographs in this beautifully and profusely il-
lustrated volume are of specimens in the magnificent collec-
tion of the Back to the Past Museum (BPM). The BPM houses 
what is perhaps the world’s most spectacular collection of 
trilobite fossils. Supplementing the illustrations of BPM spec-
imens are ample illustrations of fine specimens housed in 
other collections. Together with preceding volumes by Enri-
co Bonino and Carlo Kier, “Trilobiti: il Libro del Museo” (2009), 
and its English translation, “The Back to the Past Museum 
Guide to Trilobites” (2010), “Trilobites II” represents the most 
comprehensive and most diverse suite of trilobite photo-
graphs ever assembled. Those who marveled at the tremen-
dous illustrations in the earlier compilation will be gratified 
to find an extensive new set of extraordinarily preserved and 
exquisitely prepared fossils in “Trilobites II.”

This book is an invaluable introduction and guide to 
almost everything we now know about trilobites. Stunning 
photographs that fill page after page are embellished by 
compelling, readily comprehensible explanations and 
text. The observations and insightful interpretations made 
through many years by generations of dedicated naturalists, 
academic scientists, and citizen-scientists are compiled, 
synthesized, and compared with what we now know of these 
remarkable ancient arthropods. Enrico Bonino, Carlo Kier, 
and the contributors to “Trilobites II,” all of whom have been 
integral to important modern research on trilobites, show us 
just how far the science of trilobites has come since the early 
days of study in Europe and the United Kingdom. 

This volume, like its predecessors, is certain to stimulate 
even more research, and inspire more collecting, as we seek 
ever more detailed answers to evolutionary and geological 
questions. This book is an absolute must-have for every trilo-
bite enthusiast the world over. 

Loren E. Babcock, Ph.D
School of Earth Sciences
Orton Geological Museum
The Ohio State University
Columbus, Ohio 43210, USA
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Enrico and Carlo were in a unique position, as eminent 
members of a worldwide network of trilobitophiles –
professionals and nonprofessionals alike– affording 
access to a vast pool of knowledge and trilobite 
specimens. It is safe to say that they delivered more 
than any of us had expected. 
The first books embodied everything there was to love 
about trilobites, explaining all the essential aspects to 
know about them, while illustrating rare and exotic 
specimens from the most remote corners in the world.
As in all active research fields, our knowledge of trilobites 
continues to develop. Like a treatise, regardless of its 
comprehensiveness, no work can remain up to par and 
so at some point in time an updated version is necessary. 

This new book by Enrico and Carlo offers the status 
quo, effectually incorporating the past 15 years of 
trilobite research. A great deal of time was invested 
in expanding the original chapters, all furnished with 
exquisite illustrations. 
No effort was spared to revise the systematic part 
including the Eodiscida, Olenida and Trinucleida as 
well as contemporary perspectives on Nektaspida, 
Agnostida, Ptychopariida and Aulacopleurida. 

The second part of the book is yet another gem. It is 
a complete overhaul of the gallery of trilobite photos 
to encompass all new localities and specimens. Seeing 
so many beautiful trilobites from befriended collectors 
adds a familiar touch to the book.

I congratulate Enrico and Carlo for outdoing themselves 
with this masterful new edition of one of the world’s 
most iconic and integral works on trilobites of our time, 
and I humbly thank them for letting many of us be a 
part of it.

Allart P. van Viersen, BSc.
Natuurhistorisch Museum Maastricht
Palaeontologica Belgica | Trilolab
Maastricht, the Netherlands

My family lived in a land house on the edge of a forest. 
As a child I would be out a lot, exploring, observing and 
learning. I developed a broad interest for archaeology, 
biology and geology. In due time I gravitated towards 
fossils and dinosaurs were top of the bill. 

In 1991, my parents took me to Natura Docet, one of 
the oldest natural history museums in the Netherlands, 
where the very successful “Dinosauriërs in Denekamp” 
exposition was held. Little did I know, I would meet my 
true love on a fossil market at the end of our visit: a 
calymenid trilobite from the Ordovician of Morocco – a 
creature so ancient and fascinating that I had to know 
all about it. That knowledge came from many books but 
in retrospective, only few were truly memorable. 
Close to heart has always been the second edition of 
the Trilobites book by Ricardo Levi-Setti. I vividly recall 
the countless beautiful photographs filled with a world 
of details. In the late 1990s I moved to Maastricht for 
my studies. It was the time of first broad use of the 
Internet. Sam Gon launched his celebrated website 
on the (eight) orders of trilobites and there were two 
subsequent Yahoo discussion groups which Sam kindly 
permitted me to co-moderate. 
Trilobites were on a roll. 
But life changing decisions had to be made. I chose 
geographical information systems (GIS) as a professional 
career and carried out my research activities on regional 
trilobites from the Ardennes and Eifel in my leisure time.

One could say that a meeting with Enrico was bound 
to happen. A fellow GIS specialist with a passion for 
trilobites, living some 25 km away. We got acquainted 
through a mutual friend, Paul Hille, at the Interminéral 
fossil market in Liège. One day we met up with Harald 
Prescher and others in the old Resteigne quarry, at the 
heart of the Ardennes. Enrico found a trilobite cephalon 
of an aulacopleurid species unknown to science, which 
he generously donated for description. The species 
would later be formally named Cyphaspis boninoi 
(Bonino’s Cyphaspis).

Enrico has the extraordinary gift of sparking unparalleled 
enthusiasm in people. So when he told me that he was 
working with Carlo Kier on a comprehensive trilobite 
book (the first version in Italian, which would later be 
translated to English) there was no doubt in my mind 
that this would become significant. 

Presentation by Allart P. van Viersen, Bsc.
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Cancún, Mexico, located on the east coast of the 
Yucatán Peninsula and bathed by the blue waters of the 
Caribbean Sea, provides the setting for the Back to the 
Past Museum. Here, not far from the famous Chicxulub 
Crater, the impact site of a meteorite that struck the 
Earth some sixty-five million years ago, is housed the 
first museum dedicated entirely to trilobites. The rarity, 
quality, and scientific importance of the specimens on 
display at the Back to the Past Museum (more than 
three hundred species are represented) make this one 
of the most important collections of trilobites in the 
world.

The acronym “BPM coll.” indicates specimens drawn 
from the Museum’s collections.

These jewels, which have found their way to the 
Museum literally from the four corners of the globe, are 
the culmination of years of field research, acquisitions, 
or exchanges by the Museum’s director, Carlo Kier, the 
co-author of this book. The individuals whose work 
has made the Museum’s projects possible include 
Enrico Bonino (geologist, and the Museum’s scientific 
consultant and artistic director), Jake Skabelund (an 
American biologist and well known professional fossil 
hunter), and Carlo Kier. Behind the wings are specialists 
such as Dave Comfort, Bob Carroll, and Scott Vergiels 
who are responsible for the preparation of display 
specimens and whose contributions are literally 
indispensable. It hardly needs to be said that nothing 
of what visitors see at the Museum would be visible 
without their patient, professional preparation of the 
Museum’s invaluable fossil specimens.
The Museum, in addition to providing a careful scientific 
description of each of the specimens on display, is 
especially committed to its educational function as 
well. Each display case contains a reconstruction of the 
environment at the time the organisms lived, as well as 
photographs and illustrations that explain the geology 
of the sites where trilobites are found and the flora and 
fauna that shared an ecological niche with them.

A visit to the Museum begins at the dawn of the 
Paleozoic and continues in a virtual voyage through 
time across the millennia, from the Cambrian to the 
Permian. Each geological period is richly illustrated 
with specimens that are often one-of-a-kind, and the 
background of each display case follows the color 
standards established by the International Commission 

on Stratigraphy for the official geological time scale.
The Museum is constantly being updated as new 
specimens are acquired and integrated into the 
displays. Our main goal is to inspire new generations 
of collectors and future paleontologists and to expand 
awareness of these ancient and fascinating organisms 
which colonized almost all Paleozoic oceans for nearly 
three hundred million years.

Fig. 1. Welcome to the new section of the museum.

Fig. 2. The museum not only allows visitors to explore the new collections 
but also provides a space for extensive research and bibliographic research.

The Back to the Past Museum
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With the intention of establishing order in the complex 
diversity of the animal and plant kingdoms, the 
publication of the tenth edition of Carl Von Linné’s 
Systema Naturae (1758) gave rise to the creation of 
an elaborate hierarchical classification system—the 
beginning of zoological nomenclature.

The basic unit of this hierarchy was the species, and 
the system’s purpose was to group organisms together 
according to their interrelationships. Each species 
was given a two-part or “binomial” scientific name 
composed, first, of the name of the genus to which an 
organism belonged. 
The genus name was followed by the species or “specific” 
name, which is the hierarchical level just below the 
genus.
The genus (or generic name) is always written with an 
initial capital letter, while the specific name is always 
written in lower case. 
Both names are printed in italics (for example, 
Selenopeltis buchii). If the name has been mentioned 
previously in a text—or in the case of a list of species 
that belong to the same genus—the generic name may 
be abbreviated using its first letter (S. buchii), but it can 
never be omitted. 
In general, scientific names are presumed to have 
Latin or Greek roots, such as in the case of the trilobite 
Asteropyge longispina. The generic name is formed 
from the Greek words asteros (star) and pyge (buttocks) 
and the species name is a combination of longi (long) 
and spina (spine). 
This rule, however, has more recently been abandoned 
in large part, and zoological naming has been left to the 
liberal interpretations of the specialists who study and 
describe new taxa.

Fig. 4. Asteropyge longispina, Rückert & Klever, 2007, 
x2.9, (A. Rückert coll.). Note the long spines on either 
side of the cephalon and the spinose pygidium.

The name of the “author” or authors follows the binary 
or Linnaean classification; these are the workers 
who first named and described the organism—for 
example, the trilobites Isotelus gigas de Kay, 1824 or 
Crozonaspis kerfornei Clarkson & Henry, 1970. 

When the author’s name appears within parentheses, 
such as, for example, in the case of Panderia 
beaumonti (Rouault, 1847)—this indicates that the 
fossil had originally been given a different name. 
Rouault, for example, first called the trilobite in 
question Illaenus beaumonti, though it was later 
assigned to a different genus.

Fig. 3. A new section of the museum not only allows visitors to explore the newly illuminated collections but also provides a space for extensive research and 
bibliographic inquiry.

Some Notes on Classification and Terminology 
(based upon Lebrun, 2002; modified).
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Abbreviations such as “cf.” (confere or “compare with”) or 
“aff.” (affinis or “akin to”) are used to signal uncertainty 
regarding the classification of a particular organism—
for example, Calymene cf. breviceps and Lonchodomas 
aff. pennatus. Finally, the abbreviation “sp.” following 
the genus name (e.g., Phacops sp.) indicates that the 
genus has been identified but not the species.

A genus (the plural is “genera”) includes one or more 
species that share a number of characteristics. Moving 
up the taxonomical hierarchy, a group of genera with 
shared features are contained within a family, whose 
name ends in the suffix “-idae.” Groups of families, 
in turn, may be placed within superfamilies (suffix 

“-oidea”), suborders (suffix “-ina”), and collected into 
orders (suffix “-ida”), orders into classes, and classes 
into phyla (the singular is phylum). At the very top of 
the hierarchy is the Kingdom.

To take a concrete example: Neseuretus (Neseuretus) 
tristani tardus Hammann, 1983 belongs to the 
Family Calymenidae Hawle & Corda, 1847, the Order 
Phacopida Salter 1846, the Class Trilobita Walch, 1771, 
the Phylum Arthropoda Siebold & Stannius, 1845 
and, finally, to the Kingdom Animalia. Within these 
basic taxonomic categories, we find intermediate 
subdivisions: subspecies, subgenera, subfamilies (suffix 

“inae”), and so on.

Cladistics 

Cladistics, or cladistic taxonomy (from the Greek word 
klados = branch), is a systematic scheme for classifying 
living organisms. Cladistics, also known as phylogenetic 
systematics, originated in the work of Willi Hennig 
(1913-1976), and its system is based upon the degree 
of inferred kinship between and among organisms—or, 
to say it another way, on their temporal distance from 
their last shared ancestor. In the cladistic classification 
method, animals and plants are divided into 
monophyletic taxonomic groups (clades) that comprise 
the common ancestor and all its descendents.

The evolutionary relationships within a clade are 
established on the basis of shared features (homologies) 
and on the assumption that such features indicate the 
presence of a common ancestor. Classification is also 
based upon the presumption that two new species may 
be formed by the sudden separation from a common 
ancestor rather than through gradual evolutionary 
change. A clade that is included in a larger unit is said to 
be “nested” within that clade.

A clade possesses a single ancient member in common, 
and the phylogenetic lines of descent from that branch 
are called monophyletic groups. A taxon is said to be 
polyphyletic, on the other hand, if it does not share a 
common ancestor with another taxon, and polyphyletic 
groups have little pertinence to cladistics. 
Frequently, they reflect a sort of popular association 
of organisms that share some features (the algae, for 
instance), though, in fact, they actually represent a 
number of clades with distinct origins.

A monophyletic group is characterized by one or more 
autapomorphies (features that are uniquely present in 
the terminal phase of a group). Autapomorphies are 
observed exclusively in one member of a clade and not 
elsewhere, not even in closely related organisms, and 
it is essential to point out that such autapomorphies 
may, in some cases, be lost in adulthood, even if 
they are maintained at an embryonic level following 
paedogenesis (that is, sexual development that is 
accelerated with respect to a normal individual).

Paedogenesis contrasts with neoteny, the more-or-
less marked retention, by adults in a species, of traits 
previously seen only in juveniles. 
The term paedomorphosis is used, instead, when 
features are present in a sexually mature adult that are 
typical of earlier stages of development. In a practical 
sense, we are speaking of adult forms that retain 
aspects reminiscent of juvenile stages of life.

A clade is differentiated from others by derived features 
that do not appear in other clades (apomorphy), 
though it may be evolutionarily related to other 
clades through a common ancestor and exhibit shared 
derived characters (synapomorphies). If a clade does 
not include all the descendents of a common ancestor 
(that is, it includes most of the species derived from 
the ancestral progenitor but excludes some branches), 
the clade is called paraphyletic. A symplesiomorphy is 
a primitive feature shared by two or more taxa; that 
feature may appear in other taxa as well if they share 
an ancestor with the taxon in question, but cannot be 
used to define a clade.

All of these relationships are represented in diagrams 
called cladograms, formed of a series of two-pronged 
branches. Each point of branching represents a 
divergence from a common ancestor. A cladistic analysis 
may be based on a wide variety of data, including 
DNA sequencing (so-called “molecular data”) and on 
biochemical and morphological information.
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In addition, the reader may come across the following 
terms in the scientific literature, which we describe 
here as a matter of thoroughness.

- The nomen nudum (plural: nomina nuda) or “naked 
name” is printed in normal characters (i.e., not in 
italics) to indicate that an organism’s name has not yet 
been accepted and standardized by the International 
Commission on Zoological Nomenclature (ICZN). 
If the organism’s name is later formalized, it is then 
written in italics (e.g., Canis latrans, the coyote). The 
formal scientific name given to an organism may or may 
not correspond to its previous nomen nudum.

- The nomen oblitum (from Latin, “forgotten name”) 
refers to names that have not been used by the 
scientific community since 1899 and when a name has 
either been replaced by a more recent name (called 
the nomen protectum) or when a formally accepted 
homonym exists. 

The former name, no longer in use, is said to be 
“forgotten” and the nomen protectum takes precedence.

- The nomen dubium (“doubtful name”) is used to 
indicate fossils that have no distinct or unique features 
that permit them to be classified according to rigorous 
scientific standards. This may happen when the 
holotype (the physical specimen upon which a species 
description is originally based) has been lost or lacks 
all the information necessary for a true taxonomic 
classification.

- The nomen novum (“new name”) is a scientific name 
created specifically to replace a name that is already in 
use but which is no longer considered legitimate (e.g., 
because it is a homonym or is spelled the same as an 
existing, older name. A nomen novum is not applied, 
however, when a name is changed on the basis of a new 
taxonomic interpretation. 



Trilobites (Class Trilobita)

Biota (Classification by Systema Naturae 2000)
Domain: Eukaryota Whittaker & Margulis, 1978
Realm: Animalia Linnaeus, 1758
Subkingdom: Bilateria Hatschek, 1888 (Bilaterians Cavalier-Smith, 1983)
Branch: Protostomia Grobben, 1908
Infrakingdom: Ecdysozoa Aguinaldo et al., 1997
Superphylum: Panarthropoda Cuvier
Phylum: Arthropoda Latreille, 1829
Subphylum: Arachnomorpha Heider, 1913
Infraphylum: Trilobita
Class: Trilobita Walch, 1771

Distribution: Cambrian, Series 2 (~521Ma) - Upper Permian (251Ma).
Environment: marine, all ecological niches were occupied.
Feeding: full alimentary pyramid.
Exoskeleton: calcitic at lower concentration in magnesium.
Dimensions: from less than a millimeter to near one meter long.
Importance: paleoecological, paleobiogeographical, and partially biostratigraphic.

Cyphaspis heissae van Viersen & Prescher, 2014, PWL-2014 02, Ahbach Formation, Germany, (photo courtesy: A. van Viersen).
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PLATE 6

The following tables illustrate (non-exhaustively) the trilobites that appeared in the lower Cambrian, and that possessed a stratigraphic distribution 
during Series 2. 1- Archaeaspis cf. macropleuron Lieberman, 2002, x1.7, Montenegro Member, Campito Formation, Fallotaspis Zone, Esmeralda County, 
Nevada, USA, (BPM coll.); 2- Eofallotaspis sp., x1.8, Campito Formation Montezuma Range, Nevada, USA, (M.R. Haensel coll.); 3- Fallotaspis plana Hupé, 
1953, R50885, x1.1, Tazemmourt, AntiAtlas, Morocco, (MNHN coll., Paris, France); 4- Nevadella perfecta Walcott, 1913, x0.9, Nevadella perfecta zone, 
Poleta Formation, Nevada, USA, (photo courtesy: G. Di Silvestro); 5- Daguinaspis ambroggi Hupé, 1953, x1.8, Amouslek Formation, Morocco, (G. Huot-
Marchand coll.); 6- Fallotaspis tazemourtensis Hupé, 1952, x0.6, Isaffen, Morocco, (M.A. Rojo coll.); 7- Perrector (Richterops) cf. falloti Hupé, 1953, x1.3, 
Tazemmourt, Morocco, (photo courtesy: M. Caldeira Pais); 8- Choubertella spinosa Hupé, 1953, x0.9, Formation d’Amouslek, Anti-Atlas, Morocco, (G. 
Huot-Marchand coll.); 9- Zhangshania typica Li & Zhang, 1990, x1.8, Hongjingshao Formation (Xiaoshiba Biota), Kunming, China, (M. Haensel coll.); 
10- Lemdadella linaresae Linan & Sdzuy, 1978, x0.6, Atdabanian, Pedroche Formation, Member 1, Puente de Hierro, Cordoba, Spain, (J. Cuevas coll.);  
11- Dolerolenus zoppii Meneghini, 1882, Membro di Punta Su Pranu, Punta Manna Formation, Sardegna, Italy, (photo courtesy: G.L. Pillola);  
12- Metadoxides armatus Meneghini, 1881, Membro di Punta Su Pranu, Formazione di Punta Manna, Porto di Canalgrande, Sardegna, Italy, (photo 
courtesy: G.L. Pillola); 13- Jakutus primigenius Ivantsov, 2005, PIN 4349/813 (holotype), x0.4, Sinsk Formation, Lena River, Siberia, (Paleontological 
Institute coll., PIN, Russian Academy of Sciences, Moscow); 14- Bigotinops dangeardi Hupé, 1954, x7.0, Amouslek Formation, Morocco, (G. Huot-Marchand 
coll.); 15- Yunnanocephalus yunnanensis Mansuy, 1912, x4.4, Che-f-6-4-50, x2.5, Yu’anshan member, Chiungchussu Formation, Haikou, Kunming, China; 

PLATE 7

16- Megapharanaspis nedini Paterson & Jago, 2006, SAMA P45206a, x4.3, Emu Bay Shale, Big Gully, Kangaroo Island, Australia, (photo courtesy: J. 
Paterson); 17- Holmia cf. kjerulfi Linnarsson, 1871, x0.9, Holmia Shale, Tomten farm, Ringsaker, Norway, (BPM coll.); 18- Olenellus clarki Resler, 1928, 
x1.5, Pioche Formation, Marble Mountains, California, (BPM coll.); 19- Eoredlichia intermedia Lu, 1940, x1.0, Yuanshan Formation, Maotianshan Shale 
Member, Haikou, Kunming, (photo courtesy: L. Hennion); 20- Redlichia rex Holmes, Paterson & García-Bellido, 2019, SAMA P40181, x0.4, Emu Bay Shale, 
Big Gully, Kangaroo Island, Australia, (photo courtesy: J. Paterson); 21- Tsunyidiscus cf. acutus Sun, 1983, x20.0, Shujingtuo Formation, Yichang, Hubei, 
southern China, (M. Haensel coll.); 22- Estaingia bilobata Pocock, 1964, SAMA P14955, x1.7, Emu Bay Shale, Big Gully, Kangaroo Island, Australia, (photo 
courtesy: J. Paterson); 23- Elliptocephala sp., x0.5, Poleta Formation, Montezuma Range, Esmeralda County, Nevada, USA, (BPM coll.); 24- Wanneria 
sp., x0.6, Fort Steel Formation, Cranbrook, British Columbia, Canada, (BPM coll.); 25- Balcoracania dailyi Pocock, 1970, x6.6, SAMA P14568, Billy Creek 
Formation, Reaphook Hill, South Australia, (South Australian Museum coll.), Palaeontological collection, Adelaide, Australia); 26- Ellipsocephalus hoffi 
Schlotheim, 1823, x2.1, (Geosvět Galerie Minerálu a Fosilii coll., Praga); 27- Peachella iddingsi Walcott, 1884, x6.2, Carrara Formation, Emigrant Pass, 
California, (photo courtesy: J. Skabelund); 28- Bristolia insolens Resser, 1928, x1.6, Carrara Formation, Nevada, (BPM coll.); 29- Bathynotus kueichowensis 
Lu in Wang et al., 1968, x8.3, Kaili Formation, Jianhe County, Guizhou, China, (private coll.); 30- Protolenus (P.) cf. densigranulatus Geyer, 1990, x2.8, Jbel 
Wawrmast Formation, Tarhoucht, Jbel Ougnate area, Anti-Atlas, Morocco, (E. Bonino coll.); 31- Hamatolenus (H.) marocanus Neltner, 1938, x0.5, Jbel 
Wawrmast Formation, Tarhoucht, Jbel Ougnate area, Anti-Atlas, Morocco, (E. Bonino coll.); 32- Myopsolenites cf. boutiouiti Geyer & Landing, 2004, x1.6, 
Anti-Atlas, Morocco, (photo courtesy: G. Di Silvestro); 33- Oryctocephalus indicus Reed, 1910, x0.5, GM9-4-2139, Kaili Formation, Jianhe County, Guizhou, 
China, (Guizhou Museum Archive, Guizhou University, Guiyang, China).



1

4 7

10

13

2

5

8 11

14

3

6

9

12 15



Trilobite morphology

Cyphaspis heissae van Viersen & Prescher, 2014, PWL-2014 02, Ahbach Formation, Germany, (photo courtesy: A. van Viersen).
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Fig. 36, a-b. a) The “turret” eyes of Erbenochile erbeni Alberti, 1981, 
lower-middle Devonian, Morocco, (P. Cameron coll.); b) Detail of the lens 
arrangement and the peculiar morphology of the “visor”, in Godzillaspis coo-
peri (n.n.), Undescribed trilobite, Devonian (Pragian), Wenban Limestones, 
Eureka, Nevada, USA, (BPM coll.)

Evolution of the Visual Apparatus

Large schizochroal eyes appeared late in the evolution 
of trilobites (in the Order Phacopida, specifically, which 
evolved between the lower Ordovician and the upper 
Devonian). Only these species possessed a well-defined 
doublet lens. Ancestral species, conversely, possessed 
holochroal eyes composed of single prismatic calcite 
lenses, while the abathochroal eye represents an 
intermediate position between the two. According to 
Horváth et al. (1997), the following evolutionary trends 
occurred in the visual apparatus of trilobites:

a) an initial stage was marked by the development of 
holochroal eyes composed of calcite crystals in which 
the c-axis was aligned perpendicular to the surface of 
the eye (and, thus, parallel to the optical axis of the lens) 
in order to resolve the problem of calcite birefringence 
(or double refraction);

b) a later stage led to the development of abathochroal 
eyes, with larger lenses in comparison to the holochroal 
model and a profile that might be called “Huygensian,” 
as Zhang & Clarkson (1990) observed. This more 
evolved variety of lens, though it permitted light loss via 
internal reflection, is found exclusively in the Suborder 
eodiscina (Order Agnostida) and is limited to the lower 
and middle Cambrian;

c) The visual problem of inefficiency in capturing light 
rays is resolved in the schizochroal eye, the culmination 
of trilobite evolution. The result was likely an improved 

visual acuity connected with the need to develop more 
active behaviors both as predators and in defense 
from predators and an increase in daytime activity. 
The structure of individual lenses is improved by the 
addition of a lens with a different refraction index. 
This eliminates internal reflection and increases the 
capacity of the doublet lens to transmit light.

Blindness

Many trilobite species had no visual organs and are con-
sidered blind. The absence of eyes is rare in the Cambri-
an but becomes more frequent in a number of families 
during the Ordovician.
In the Devonian, the proetid species Pteroparia coumi-
acensis Feist, 1976 and the phacopid Trimerocephalus 
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Spectacular Niobinae with antennae, gills and gut preserved, 11cm (sagittal lenght), 
Early Ordovician (Tremadocian), Fezouata Formation, Zagora, Morocco, (S. Piérard coll.)



Paleoecology

Cyphaspis heissae van Viersen & Prescher, 2014, PWL-2014 02, Ahbach Formation, Germany, (photo courtesy: A. van Viersen).
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Faunal Provincialism

Cyphaspis heissae van Viersen & Prescher, 2014, PWL-2014 02, Ahbach Formation, Germany, (photo courtesy: A. van Viersen).
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Fig. 107. Distribution of faunal provinces during the lower Ordovician. Red 
indicates the province occupied by the bathyurids; blue, the calymenids-
dalmanitids; black, the dikelocephaliids; and, finally, yellow represents the 
province occupied largely by the asaphids.

In the Ashgillian (upper Ordovician), a marine regression 
and a notable reduction in temperature took place as a 
consequence of a period of glaciation. 
During the Hirnantian (final stage; Rong & Harper, 
1988), these changes became co-factors in a significant 
biological crisis that is considered one of the 
primary reasons for the end of trilobite faunal 
provincialism (as well as that of many other 
organisms) during the Ordovician-Silurian 
transition. A major anoxic phase followed 
that crisis, which led to the definitive 
extinction of the Orders Asaphida (with the 
exception of some of the Trinucleoidea), 
Agnostida, and Ptychopariida. While benthic 
Ordovician platform faunas seem to have 
followed the model of provincialism we’ve discussed 
here, the same is not necessarily true for deeper-ocean 
faunas, less directly influenced by latitude and by the 
positions of the continents.

Silurian

The global cooling and glaciation that occurred at the end 
of the Ordovician, with resultant mass extinctions, gave 
way to the proliferation and widespread distribution of 
brachiopods at the beginning of the Silurian. In many 
cases, brachiopods differentiated into significant faunal 
provinces (such as the Clarkeia zone, typical of cold-
water environments), a phenomenon that is particularly 
well documented in the Malvinokaffric Realm (South 
America, the Falkland Islands, and the southernmost 
part of Africa). The same cannot be said for trilobites, 
however. Silurian trilobites seem to have become more-
or-less cosmopolitan, and faunal provinces are generally 
less easy to distinguish. It is known that trilobite faunas 

derived from the acastids (Order Phacopida) migrated 
into a faunally impoverished region and began to 

diversify to the point of constituting a distinct 
faunal province (Eldredge & Ormiston, 

1979).

In consequence, Silurian trilobites are 
represented substantially by benthic and 
epicontinental species belonging to the 

Orders Phacopida, Lichida, Harpetida, Odon-
topleurida, Proetida, and Corynexochida. At this 

point, they made up only 5% of marine invertebrates 
and demonstrated only a weak provincialism (Cocks & 
Fortey, 1990; Schrank, 1977). Numerous cosmopoli-
tan forms such as Sphaerexochus (Superfamily Cheiru-
roidea) were widely distributed geographically (North 
America, Europe, Japan, and Australia). Other species, 
such as Coronocephalus (Family Encrinuridae), con-
versely, were much more limited in distribution to the 
east of Gondwana (Southern China, eastern Australia, 
and Japan).

Fig. 108. Distribution of faunal provinces during the middle Silurian. Yellow 
indicates cosmopolitan Cheiruroidea genera; Coronocephalus is represented 
by red.

Devonian

The trilobites’ decline proceeded at an accelerated pace 
during the Devonian. As a result of a series of planet-
wide sea-level changes and consequent extinctions, 
the hundred or so genera present at the Lochkovian 
(earliest Devonian) gave way to not more than twenty. 
Four mass extinctions, associated with eighteen 
significant eustatic sea-level changes (Sandberg et al., 
2002), are known from the middle and upper Devonian 
(Feist, 1991). These extinctions very nearly marked the 
end of trilobites:
- the Kacák/Otomari Event, which separated the Eifelian 
from the Givetian;
- the Taghanic-Pharciceras Event in the Givetian;
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Trilobite Classification

Cyphaspis heissae van Viersen & Prescher, 2014, PWL-2014 02, Ahbach Formation, Germany, (photo courtesy: A. van Viersen).
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Moore, 1959
Distribution: Cambrian (Miaolingian Series) - upper Devonian (Frasnian)
Families: Lichakephalidae Tripp, 1957, Lichidae Hawle & Corda, 1847

In this Order, the glabella broadens at the occipital ring 
and extends frontally to reach the anterior cephalic 
margin. The suture lines are opisthoparian. The lateral 
and occipital lobes of the glabella are developed 

Order Lichida

frontally and run alongside and/or are merged with 
smaller lobes.
The hypostome is conterminant and broad. The rostral 
plate is separated laterally by sutures that converge 

in a posterior direction, and the 
doublure is ornamented with 
terraces. The thorax is composed of 
ten or eleven segments. 
A terminal spine is present on the 
pleurae, which bend retrograde at 
the fulcrum. The pygidium is broad, 
generally flat, and equipped with 
pleural furrows that vary in number 
from two to six. 
The pygidial pleurae may be 
leaf-shaped (Lichas, Oinochoe, 
Arctinurus). 
The surface of the exoskeleton is 
typically covered with granules 
or tubercles in two different size 
categories.

Fig. 133. Metopolichas cf. platyrhinus, Schmidt, 
1907, lower Llanvirnian, lower Ordovician, Saint 
Petersbourg, Russia, (BPM coll.)

Fig. 132. Lichas marocanus Destombes, 1968, x0.3, lower Ashgill, upper Ordovician, upper Ktaoua Group, Jbel bou Degane, east of Tagounite, Central Anti-
Atlas, Morocco, (BPM coll.)
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Suborder CALYMENINA
Swinnerton, 1915
Distribution: lower Ordovician - upper Devonian
Families: Calymenidae Burmeister, 1843, Bathycheilidae Přibyl, 1953, Bavarillidae Sduzy, 1957, Calymenidae 
Burmeister, 1843, Homalonotidae Chapman, 1890

The Suborder Calymenina includes the Superfamily Caly-
menoidea Hupé, 1945.
The Suborder Calymenina includes the most ancestral 
structures of the order, including suture lines and the 
presence of a circumocular suture. The coherence of 
the Clade Phacopida was partly disputed by Eldredge 
(1977), who emphasized features that would bring the 

Calymenina closer to the Order Ptychopariida. It is plausi-
ble that these phacopids descended from ancestral spe-
cies belonging to the Librostoma, but no evidence has 
emerged to date that could correlate these two orders 
with a common ancestor.
The cephalon is semicircular or subtriangular in shape 
with either opisthoparian or gonatoparian suture lines. 

a b c
Fig. 139, a-c. a) Dipleura deckayi Green, 1832, x0.5, middle Devonian, Moscow Fm., New York, USA; 
b) Salterocoryphe salteri Rouault, 1851 and Colpocoryphe rouaulti Henri, 1970, x1.0, middle Ordovician, Brittany, France; 
c) Flexicalymene retrorsa Foerste, 1910, upper Ordovician, Cincinnatian series, Kentucky, USA, (BPM coll.)

The glabella narrows in the anterior direction to be-
come bell-shaped or trapezoidal; there may be as many 
as four glabellar furrows of varying depth. The eyes are 
holochroal and often tiny. The hypostome is contermi-
nant and subrectangular and is marked by small ante-
rior swellings (wings). Genal spines are absent with the 
exception of some species known from the Ordovician 

(Prionocheilus, Bathycheilus, Bavarilla). The thorax is 
composed of a minimum of eleven to a maximum of 
thirteen segments, and the pleural extremities tend to 
narrow toward the posterior. The pygidium is of medi-
um size with a variable number of axial elements. It may 
be elliptical or triangular in shape. Spines are not pres-
ent. Primitive species were by and large micropygous.

Fig. 138. Devononeseuretus beichti Alberti, 2023, early lower Emsian, Devonian, Hunsrück Slate, Bundenbach, Germany, 7cm, (M. Alberti coll.)



Lonchodomas volborthi Schmidt, 1894, lower Ordovician, Expansus Limestone, Ljungsbro, Sweden, (BPM coll.)
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Fig. 175. The Clade Trilobita includes species that do not possess a caudal spine (telson) and in which each thoracic segment may cover more than one pair 
of legs (the pygidium of trilobites may be considered a tergite that covers numerous pairs of podomeres); cladogram after Paterson et al. 2010, simplified.

2006 and Panlongia spinosa Liu & Luo, 2006 (the lat-
ter currently considered synonymous with P. tetranu-
dosa) and considered as belonging to the Helmetiida 
(Luo et al., 2008), or according to other authors to 
an intermediate form between the Liwiida and Hel-
metiidae.

Clearly, the classification of this clade remains sub-
ject to significant revision, interpretation, and de-
bate by specialists, and it is not out of the question 
that major modifications will be made in future to 
the phyletic relationships among the families we’ve 
briefly mentioned here.

Another arthropod with features that are very near 
those of trilobites was described by Ivantsov (1999) 

and assigned to the Subclass Xandarellida. 
This species has a cephalon with suture lines, well-de-
veloped eyes, a wide if reduced thorax (with four ax-
ial segments), and a large pygidium. 

The suture lines are not connected to the eyes as 
they are in trilobites, and traces of segmentation are 
visible in the librigenae, evidence of a probable fu-
sion of the pleurae located directly posterior to the 
cephalon. Unlike trilobites, however, the exoskeleton 
shows signs of only slight or absent mineralization. 
This arthropod, discovered in a significant Siberi-
an Lagerstätte (Cambrian Series 2 or lower Cambri-
an, Sinsk Formation, near the town of Sinsk on the 
Lena River), was named Phytophilaspis pergamena 
Ivantsov, 1999.
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Field work and
Preparation techniques

Cyphaspis heissae van Viersen & Prescher, 2014, PWL-2014 02, Ahbach Formation, Germany, (photo courtesy: A. van Viersen).
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Fig. 180. Near the center of the photograph the reddish Latham Shales (Cambrian) is exposed in the Marble Mountains, Mojave Desert, southeast California 
near the towns of Chambless and Cadiz. This locality provides an ideal opportunity to find olenellid trilobites.

Fig. 181. The lower Cambrian Chambless Limestone deposits, formed in high-energy marine 
environments, continuously overlie the argillaceous Latham Shales. Here, spectacular groups of 
oncolites (algal nodules) are found. Marble Mountains, Mojave Desert, southeast California near the 
towns of Chambless and Cadiz.



Introduction to the plates

Cyphaspis heissae van Viersen & Prescher, 2014, PWL-2014 02, Ahbach Formation, Germany, (photo courtesy: A. van Viersen).
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a b
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a) Lochmanolenellus subquadratus, Webster & Bonach, 2014, 5cm and 8.1cm wide tip-to-tip of the genal spines, (BPM coll.); 
b) Keeleaspis sp. Fritz, 1972, 2.9cm, (BPM coll.);

c) Lochmanolenellus trapezoidalis, Webster & Bonach, 2014, 18cm, (BPM coll.);
d) Esmeraldina (Palmettaspis) sp., 8cm, (BPM coll.)
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Cooperia (n.n.), Undescribed holmiid with macropleure, 9cm, (BPM coll.) 
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d) Olenellus cf. gilberti Meek in White, 1874, 1.5 to 3cm, (C. New coll.)
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a-b) Olenellus sp., 2.9cm and 2.7cm respectively, (BPM coll.); 
c) Olenellus schucherti Resser & Howell, 1938, 3cm, (BPM coll.)

b

c

a
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Paradoxides davidis davidis Salter, 1863, 16cm, (BPM coll.)
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Parabailiella languedocensis Thoral, 1946, 6cm, (BPM coll.)



317

317
317

O
rdovician

a) Ptychopyge orientalis Kobayashi, 1951, 8.5cm, (BPM coll.);
b) Ptychopyge sp., 7cm, (BPM coll.); 

c) Illaenus sarsi Jaanusson, 1954 and two Orthoceratids, 5cm and 21cm respectively, (BPM coll.)

ba

c



350
350

Si
lu
ri
an

Maurotarion christyi Hall, 1864, 2.3cm and Eucalyptocrinites crassus Hall, 1863, (BPM coll.)



364
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Lichida (Undescribed), 39cm, (BPM coll.)
As of today, the biggest known trilobite found in the USA.
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a) Pedinopariops sp., (P. Taghon coll.);
b) Neomethacanthus stellifer Burmeister, 1843, (P. Taghon coll.);
c) Pedinopariops richterianus geminus van Viersen, Taghon & 
Magrean, 2019 (top) and Geesops icovellaunae van Viersen, Tag-
hon & Magrean, 2019 (bottom), (P. Taghon coll.);
d) Radiaspis cf. comes Basse, 2003, (P. Taghon coll.);
e) Goldius endelsi van Viersen, 2015, and Dohmiella pooka van 
Viersen, 2021, (P. Taghon coll.);
f) Tropidocoryphe insciens van Viersen, Taghon & Magrean, 2019, 
1cm, (B. Magrean coll.)
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A

Abadia Formation  366
abathochroal eye  67
Acanthopleurella stipulae  XIX
Acanthopyge (Belenopyge) 

consanguinea  106
Acanthopyge parapleura  353
Acanthopyge sp.  80, 81
Acastidae  179
Acastocephala macrops  353
Acastoidea  176
ACASTOIDEA  179
Acastoides poschmanni  375, 378
Acernaspis copperi  344
Acernaspis orestes  342
Acernaspis sp.  339, 348
Acidaspis jessi  132
Acrocephalitidae  201
Active posture  128
Agnostidae  160
Agnostina  160
Agnostoidea  160
Agnostus pisiformis  90, 126
Agraulidae  165
Agraulos ceticephalus  165, 272
Agraulos difformis  297
Agraulos longicephalus  274, 289
Agraulos sp.  297
Ajacicrepida ajax  293
Aldonaia ornata  238
Alokistocarella sp.  81, 202
Alokistocaridae  201
Alsataspididae  192
Altiocculus drumensis  86
Alum Shale Formation  295
Ameura sp.  185, 404
Amgaspididae  167
Ammagnostidae  160
Ammagnostus laiwuensis  161
Amphoton deois  282
Amplectobelua symbrachiata  109, 110
Ampyx cf. mammillatus  192
Ampyx cf. nasutus  314
Ampyx linleyensis  304
Ampyx nasutus  75, 192
Ampyx priscus  147
Anacaenaspis zedei  345
Anacheirurus adserai  75
Ananaspis stokesii  353
Anapolenus hernici  274
Andegavia sp.  75
Andiva ivantsovi  38
Andrarinidae  195

Anechocephalus intermedius  102
Anomalocaris canadensis  60, 109, 110, 

280
Anomalocaris cf. saron  110
Anomalocaris sp.  110
Anomocarellidae  204
Anomocaridae  204
ANOMOCAROIDEA  204
Antagmidae  201
Antelope Valley Limestone  311
Aphelaspididae  195
apposition eye  60
Araiopleura sp.  193
Archaeaspinus fedonkini  38
Archaeaspis cf. macropleuron  44
Arctinurus boltoni  81, 84
Asaphellus sp.  147
Asaphida  188
Asaphidae  190
Asaphiscidae  195, 201
Asaphoidea  188
ASAPHOIDEA  190
Asaphus expansus  61, 64
Asaphus kowalewskii  67, 68, 126
Asaphus lepidurus  71
Asaphus raniceps  55, 63
Asaphus sp.  132, 318
Asteropyge boeckae  387
Asteropyge filoxenia  388
Asteropyge longispina  XVI
Asteropyge perforata  401
Athabaskia bithus  80, 167
Atheloptic Species  123
Atopidae  201
Atractopyge xipheres  329
Aulacopleura koninki  133, 186
Aulacopleura (Paraaulacopleura) 

lemkei  379
Aulacopleura (Paraaulacopleura) sp.  

379
AULACOPLEURIDA  183
Aulacopleuridae  186
Aulacopleuroidea  183
Austerops couvinensis  383

B

Bailiaspis elegans  272
Bailiella aequalis  271
Bailiella baileyi  270
Bailiella levyi  267
Balcoracania dailyi  44, 74, 146

Barrandia homfrayi  304
Basidechenella (Pseudodechenella) 

rowi  397
Bathycheilidae  175
Bathynotus kueichowensis  44
Bathyuridae  187
Bathyuriscus wasatchensis  102
Bathyuroidea  183
BATHYUROIDEA  187
Bathyusiscus rotundatus  277
Bavarilla aff. zemmourensis  90
Bavarillidae  175
Bellacartwrightia calliteles  81, 179
Benxiaspis benxiensis  262
Bergeroniaspis lenaika  238
Bergeroniellus asiaticus  239
Bergeroniellus spinosus  238
Bigotinidae  165
Bigotinops dangeardi  44
Blackwelderia octaspina  294
Blackwelderia sinensis  173
Body plan (Bauplan)  49
Boedaspis ensifer  75
Bohemoharpes naumanni  206
Bohemoharpes sp.  104
Bojoscutellum campaniferum  63
Bolaspidella sp.  202
Bolaspididae  201
Bonnia sp.  257
Brachymetopidae  186
Bristolia bristolensis  163
Bristolia insolens  44
Bristolia mohavensis  81
Bromalites  116
Bromide Formation (Pooleville 

Member)  323
Buenaspis forteyi  208
Bumastoides holei  71, 81, 123
Bumastoid posture  128
Bumastus sp.  316, 321, 322, 324, 329
Burlingia hectori  279
Burlingia ? sp.  200
Burmeisterella delattrei  370, 372

C

Calliops armatus  324
Calliticephalidae  201
Calmoniidae  179
Calodiscidae  159
Calymene blumenbachii  353
Calymene cf. breviceps  XVII
Calymene gamachei  343
Calymene nowlani  345

Index
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Calymene polgari  132
Calymene sp.  329, 347, 348, 351, 363
Calymene tuberculata  104
Calymenidae  175
Calymenina  174
CALYMENINA  175
Calyptaulax callicephalus  178
Carolinites  125
Carolinites sp.  126
Carrara Formation  244
Caryosyntrips camurus  110
Cedaria minor  113
Cedariidae  195, 201
Cedarina schachti  75
Celmus sp.  319
Centropages hamatus  130
Ceratarges sp.  75
Ceratocephala graffhami  324
Ceratolichas sp.  390, 391
Ceratonurus sp.  363
Ceratopyge cf. forficula  190
Ceratopygidae  190
Ceraurinella (Arcticeraurinella) scofieldi  

321
Ceraurinella sp.  322
Ceraurus globulobatus  58
Ceraurus pleurexanthemus  51
Cernuolimbus cf. pegakanthodes  204
Chagrinichnites brooksi  136
Chagrinichnites osgoodi  136
Chamaeloaspis sp.  382
Changshaniidae  201
Chasmops sp.  329, 330
Cheilocephalidae  169
Cheiruridae  180
Cheirurina  174
CHEIRURINA  180
Cheiruroidea  180
Cheiruroididae  167
Cheirurus centralis  353
Chenghuiidae  167
Chotecops aff. auspex  376
Choubertella spinosa  44
Cladistics  XVI
Clarella venusta  271
Clavagnostidae  160
Cloudina  107, 108
Cnemidopyge pentirvinense  310
coaptation  78
cololites  116
Colpocoryphe bohemica  101
Colpocoryphe rouaulti  175
Comura bultyncki  118, 119
Comura sp.  75
Condylopygidae  160
Condylopygoidea  160
Conocoryphe cirina  123
Conocoryphe heberti  288

Conocoryphe (Parabailiella) 
languedocensis  267

Conocoryphe sulzeri  133, 201
Conocoryphidae  201
Conokephalinidae  201
Conolichas sp.  329, 331
Conterminant-type hypostome  58
Coosella kieri  71, 81, 94, 113, 202, 227
Coosellidae  201
coprolites  116
Coprulus  116
Cordania falcata  186
Cordaticaris striatus  283
Coronocephalus sp.  180
Corrugatagnostus morea  306
Corynexochidae  167
Corynexochina  166
Corynexochoidea  167
Coulouma Formation  266
Crepicephalidae  201
Crotalocephalina gibbus  81
Crozonaspis kerfornei  XVI
Crozonaspis struvei  66
Cruziana  135
Cruziana bagnolensis  141
Cruziana furcifera  141
Cruziana polaris  136
Cruziana rugosa  141
Cruziana semiplicata  136, 139
Cruziana sp.  136
Cryptolithoides ulrichi  193, 326
Cryptolithus cf. bellulus  96
Cryptolithus tesselatus  134
Cubichnia  135
Cyanorus singularis  38
Cybele bellatula  67, 79, 319
Cybele cf. woehrmanni  319
Cybele sp.  71
Cybeloides sp.  333
Cyclocoeloma tuberculata  75
Cyclopyge sibilla  126
Cyclopyge sp.  126
Cyclopygidae  191
Cyclopygoidea  188
CYCLOPYGOIDEA  191
Cylindrical enrollment  78
Cyphaspides malbertii  379
Cyphaspis boninoi  186
Cyphaspis cf. balanops  382
Cyphaspis cf. insolata  388
Cyphaspis cf. ranuncula  382
Cyphaspis heissae  147
Cyphaspis iuxta  386
Cyphaspis konstantini  376
Cyphaspis sp.  368, 378, 382
Cyphaspis walteri  75
Cyrtometopus sp.  180
Cytheridella  97

D

Daguinaspis ambroggi  44
Dalmanites caudatus  356
Dalmanites limulurus  178, 336
Dalmanites longicaudatus  354
Dalmanites myops  354
Dalmanites sp  90
Dalmanitidae  178
Dalmanitina socialis  66, 144
Dalmanitoidea  176
DALMANITOIDEA  178
Damesella paronai  173, 293
Damesellidae  172, 173
Dameselloidea  170
DAMESELLOIDEA  173
Damon diadema  113
Daytonia jollieti  345
Death posture  128
Dechenella daumeriesi  85
Decoroproetus wigwig  354
Degamella nuda  191, 304
Degamella sp.  123, 126
Deiracephalus aster  75, 102
Deiradonyx barkleyensis  262
Delocare bensaidi  65
Densonella semele  113
Depressions  85
Destombesina schumacherorum  375, 

376
Devononeseuretus beichti  175
Diacalymene schucherti  341, 344
Diacanthaspis (Acanthalomina) minuta  

172
Diademaproetus habenichti  374, 376
Diademaproetus pertinax  382
Diademaproetus praecursor  185
Diaphanometopidae  178
Diceratocephalidae  201
Dickinsonia costata  38
Dickinsonia menneri  38
Dicranurus hamatus elegantus  75
Dicranurus monstrosus  75
Digonus ornatus  371
Dikelocephalidae  204, 205
Dikelocephalus gracilis  205
Dikelokephalina brenchleyi  205
Dimeropygidae  187
Dimorphichnus  135
Dindymene didymograpti  304
Dinesidae  167
Dionididae  192
Diplagnostidae  160
Dipleura deckayi  175
Dipleura lanvoiensis  401
Diplichnites  135
Distyrax cf. maccormicki  347
Dohmiella pooka  385
Dokimokephalidae  195, 201
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Dolerolenus zoppii  44
Dolichoharpes procliva  206, 325
Dolichometopidae  167
Domes  84
domicilium  97
Doryagnostidae  160
Dorypygella typicalis  167, 293
Dorypyge sp.  262
Dorypygidae  167
Drotops armatus  75, 85, 177
Drotops megalomanicus  65
Ductina ductifrons  177
Dysplanus cf. centrotus  314
Dysplanus sp.  314

E

Eager Formation  250
Eccaparadoxides brachyrhachis  268, 

290
Eccaparadoxides eteminicus  270
Eccaparadoxides pusillus  99
Eccaparadoxides rouvillei  290
Echidnacaris briggsi  110, 249
Ectillaenus cf. highesii  308
Ectillaenus perovalis  310
Edelsteinaspidae  167
Edelsteinaspis (Dolichothorax) 

granulata  238
eggs  99
Ehmaniella burgessensis  277
Eldredgeops crassituberculata  71, 87
Eldredgeops norwoodensis  398
Eldredgeops rana  66, 67, 79, 87, 88, 

102, 358, 394
Eldredgeops rana crassituberculata  48
Elimaproetus diabolicus  354
Ellipsocephalidae  165
Ellipsocephaloidea  164, 200
Ellipsocephalus hoffi  44, 165
Ellipsotaphrus monophthalmus  310
Elliptocephala praenuntius  235
Elliptocephala sp.  44
Elnes Formation / Huk Formation  313
Elrathia kingii  113, 222
Elviniidae  201
Emmrichellidae  201
Emu Bay Shale Formation  247
Emucaris fava  110, 249
Emuelloidea  164
Encrinuraspis beaumonti  104
Encrinuridae  180
Encrinurus deomenos  341, 344
Encrinurus punctatus  355
Encrinurus sp.  338
Encrinurus tubercolatus  355
Enrolled posture  128
Eoceraurus trapezoidalis  326
Eodiscidae  159

Eodiscina  159
Eodiscoidea  159
Eodiscus punctatus  272, 286
Eofallotaspis sp.  44
Eoredlichia intermedia  44
Erbenochile erbeni  68, 69, 179
Eremiproetus sp.  367
Erratencrinurus sp.  330
Erratojincella brachymetopa  297
Esmeraldina (Palmettaspis) sp.  236
Estaingia bilobata  44, 248
Estaingiidae  165
Eucalyptocrinites crassus  350
Eulomidae  195, 201
Eurekiidae  205
Exallaspis coronata  356
Eymekops transversa  283

F

Failleana magnifica  341
Failleana wangi  342
Fallotaspidoidea  163
Fallotaspis cf. typica  163
Fallotaspis plana  44
Fallotaspis sp.  235
Fallotaspis tazemourtensis  44
Feeding  129
Fenxiang Formation  300
Filter Feeders  134
Flexicalymene ouzregui  129
Flexicalymene retrorsa  79, 175
Fortiforceps foliosa  113
Frencrinuroides capitonis  326
Fuchouia manchuriensis  282
Fuchouia sp.  282
Furuberget Formation  328

G

Gabriceraurus dentatus  180
Gabriceraurus mifflinensis  321, 322
Gabriellus kierorum  163, 232, 233
Gabriellus lanceatus  232
Gaspelichas sp.  390
gastrolites  116
Gastropolus obtusicaudatus  304
Geesops icovellaunae  385
Genevievella granulata  94, 106, 227
Gerastos sp.  71
Gerastos tuberculatos marocensis  185
Girvanopyge occipitalis  305
Glossopleura bion  71
Glossopleura campbelli  81
Glossopleura gigantea  113
Glyptagnostidae  160
Glyptambon verrucosus  351
Godzillaspis cooperi  69, 365
Goldius endelsi  385
Goldius geesense  88

Goldius sp.  88
Gonatoparian suture  55
Gondwanaspis sp.  172
Goniagnostus nathorsti  297
Greenops widderensis  123, 393
Griffithides acanthiceps  132
Griffithides ixtaltepecensis  185, 404
Groenwallia microphthalma  296
Guangxiaspis guangxiensis  169

H

Hadromeros edgecombei  343
Hadromeros nuperus  343
Haikoucaris ercaiensis  113
Hallandclarkeops cantarmoricus  401
Hamatolenus (H.) marocanus  44
Hammatocnemidae  180
Harkless Formation  256
Harpes cf. hamarlaghdadensis  206
Harpes cf. macrocephalus  384
Harpes perradiatus  134
Harpes sp.  85, 380
Harpetida  206
Harpetidae  206
Harpetina  206
Harpidella sp.  356
Harpides sp.  86
Hatangia scita  239
Hebediscidae  159
Heliopyge troaonensis  401
Hesslerides bufo  405
Holanshaniidae  201
Holmia cf. kjerulfi  44
Holmia kjerulfi  66, 116, 241
Holmia sp.  241, 242
Holocephalinidae  201
holochroal eye  62
Holotrachelidae  187
Holyoakia simpsoni  249
Homalonotidae  175
Homotelus bromidensis  147, 327
Hope Shale Formation  303
Hottonops daumeriesi  386
Huginarges sp.  368
Hungaiidae  204
Hungioides bohemicus arouquensis  

XXVI
Hurdia victoria  109
Hydrocephalus carens  99
Hydrocephalus hicksii  271
Hypagnostus parvifrons  81, 161
Hypodicranotus striatulus  132
Hystricuridae  187
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I

Idahoiidae  195
Ignotogregatidae  201
Illaenidae  168
Illaenina  166
Illaenoidea  168
Illaenomorphs  122
Illaenuridae  169
Illaenus beaumonti  XVI
Illaenus incisus  129
Illaenus sarsi  317, 318
Illaenus sp.  168
Incomplete enrollment  78
Inouyiidae  201
Innovatiocaris maotianshanensis  109
Inverted-spiral enrollment  78
Iranoleesia sp.  262
Irinia arcuata  239
Isocolidae  201
Isopodichnus  136
Isopygous  80
Isotelus gigas  71, 85, 132
Isotelus iowensis  80
Isotelus maximus  79
Isotelus simplex  321
Isotelus sp.  331
Isoxys communis  249
Isoxys shandongensis  264
Itydeois shandongensis  282
Ivovicia rugulosa  38

J

Jakutidae  167
Jakutus primigenius  44, 167, 238
Jegorovaia sp.  193
Jemelle Formation  381
Jincella applanata  274
Jupiter Formation  340

K

Kangacaris zhangi  211
Kaolishaniidae  169
Karakhtia nessovi  38
Kayserops sp.  378
Keeleaspis sp.  236
Kettneraspis cf. elliptica  383
Kettneraspis ramskoeldi  344
Kettneraspis salopiensis  355
Kettneraspis seiberti  374, 375
Kettneraspis sp.  360
Kettneraspis williamsi  75, 123, 222
Kingaspis armatus  165
Kingstoniidae  201
Kleptothule rasmusseni  40
Klerf Formation (Clervaux Shales 

Formation)  369
Kochaspis sp.  233

Kochina vestita  80, 101
Kolihapeltis rabatensis  75
Koneprusia chimaera  377
Koneprusia dongesi  377
Koneprusia sp.  75, 367
Kootenia sp.  81, 257
Kootenia spencei  224
Koptura sinuosa  283
Ktenoura patula  356
Kteonura retrospinosa  355
Kuamaia lata  211
Kushan Formation  292

L

Lachnostoma latucelsum  80
Lady Burn Formation (Starfish Beds)  

332
Laggania cambria  109
Leanchoilia superlata  280
Leiostegidae  169
Leiostegiina  166
LEIOSTEGIINA  169
Leiostegioidea  169
Lemdadella linaresae  44, 289
Leonaspis bassei  377
Leonaspis cf. kleini  374
Leonaspis deflexa  128
Leonaspis sp.  367
Leptoplastinae  197
Leptoplastides salteri  195
Leptoplastus sp.  272
Lichakephalidae  171
Lichas marocanus  171
Lichida  170, 171
Lichidae  171
Lichida (undescribed)  364
Lichoidea  170
Liexiaspis sp.  301
Limulus polyphemus  66, 97, 125, 130, 

146
Lioharpes aff. venulosus  368
Lioparia blauteoeides  263, 282
Liostracinidae  192
lirae  86
Lisaniidae  201
Liwia plana  208
Liwiidae  208
Llanoaspididae  201
Lloydolithus lloydi  193
Lochkovella deckeri  71, 123, 177
Lochmanolenellus subquadratus  236
Lochmanolenellus trapezoidalis  236
Lockhovella deckeri  65
Loganellidae  195
Lonchocephalidae  201
Lonchocephalus plena  123, 202
Lonchodomas aff. pennatus  XVII
Lonchodomas drummuckensis  333

Lonchodomas mcgeheei  325
Lonchodomas volborthi  192, 194
Longduiidae  167
Loreleiops suffeleersi  386
Lorenzellidae  201
Lusatipos ribotanus  290
Lyrarapx unguispinus  60

M

Macropygous  80
Magagraulos coreanicus  282
Maladioidella cf. colcheni  136
Malungia laevigata  90
Mantis religiosa  113
Mantou Formation  261
Maotunia iddingsi  263, 283
Maotunia sp.  283
Mapaniidae  201
Maritimella rara  208
Marjumiidae  201
Marrella splendens  89, 280
Marrolithus bureaui  193
marsupium  97
Marywadea ovata  38
Maubisse Formation  406
Maurotarion christyi  350
Maurotarion sp.  363
median tubercle  55
Megapharanaspis nedini  44, 249
Megistaspidella elongata  316
Megistaspidella triangularis  81
Megistaspis (Ekeraspis) hammondi  436
Megistaspis ingeriensis  319
Megistaspis (Megistaspidella) 

extenuata  315
Megistaspis nericus  190
Meneviella vanulosa  285
Mengenilla moldrzyki  64
Meniscopsia beebei  93, 94
Menomoniidae  201
Merceriella  107
Mesonacis eagerensis  251
Mesonacis sp.  260
Metadoxides armatus  44
Metagnostidae  160
Meteoraspis dis  113, 202
Metopolichas cf. platyrhinus  171, 314
Metopolichas huebneri  81
Metopolichas sp.  362
Micropygous  80
Mimetaster hexagonalis  89
Miniaturization  123
Misszhouia longicaudata  208, 209
Mobergella holsti  107
Modocia typicalis  113, 202
Molt posture  128
Monkaspis asiaticus  294
Monkaspis sp.  202
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Montagne Noire  266
Morphotypes  122
Murero Formation  287
Myopsolenites cf. boutiouiti  44, 164

N

Nankinolithus sp.  334
Naraoia bertiensis  208
Naraoia compacta  208
Naraoia spinosa  208, 209
Naraoiidae  208
Natant-type hypostome  58
Nektaspida  208
Neodrepanura premesnili  173, 293
Neomethacanthus stellifer  385
Neoproetus indicus  407
Nepeiidae  201
Neseuretus (Neseuretus) tristani tardus  

XVII
Nevadella perfecta  44, 235
Nevadia weeksi  163, 235
Newfoundland  269
Nileidae  191
Nileus cf. armadillo  191
Nileus sp.  312, 315
nodes  84
nomen dubium  XVII
nomen novum  XVII
nomen oblitum  XVII
Norinia convexa  302
Norwoodia boninoi  58, 79, 227
Norwoodiidae  201
Novakella incisa  305
Nucleurus anticostiensis  343
Nucleurus diabolus  356
Nunnaspis stitti  402
Nyterops hollandi  84

O

Odontocephalus aegeria  178
Odontochile sp.  361
Odontodactylus scyllarus  87, 113
Odontopleura (Sinespinaspis) 

markhami  172
Odontopleurida  170
Odontopleuridae  172
Odontopleuroidea  170
Ogyginus corndensis corndensis  71
Ogyginus fortey  145
Ogyginus intermedius  308
Ogygiocaris seavilli  305
Ogygopsidae  167
Ogygopsis klotzi  277
Olenellina  162
Olenelloidea  163
Olenellus cf. gilberti  251, 252
Olenellus cf. schofieldi  251
Olenellus clarki  44

Olenellus cooperi  259, 260
Olenellus fremonti  75
Olenellus gilberti  253
Olenellus romensis  259
Olenellus schucherti  254
Olenellus sp.  VIII, 155, 233, 246, 254, 

260
Olenida  195
Olenidae  195
OLENIDAE  197
Olenimorphs  123
Olenina  198
Oleninae  197
Olenoides serratus  90, 130, 278
Olenoides sp.  257
Olenoides superbus  71, 81, 113, 123
Olenus wahlenbergi  133
Omegops cornelius  102
ommatidia  61
Onaraspis garciae  290
Onchonotopsidae  201
Onnia sp.  85, 123
Onnia cf. superba  193
Open-spiral enrollment  78
Opipeuter  125
Opisthoparian suture  55
Oranaspis cf. altus  288
Ordosiidae  169
Ormathops alatus  305
Oryctocephalidae  167
Oryctocephalites burgessensis  279
Oryctocephalus indicus  44
Oryctocephalus matthewi  279
Orygmaspis (Parabolinoides) contracta  

94
Osmolska cavities  51

P

Paciphacops campbelli  65, 222
Paciphacops claviger  360
Pagetia bootes  279
Pagetia cf. P. significans,  159
Pagetia taijiangensis  159
Pagodiidae  169
Palaeolenidae  165
Panderia beaumonti  XVI
Panderidae  168
Panlongia spinosa  211
Papyriaspididae  201
Parabailiella languedocensis  291
Parablackwelderia luensis  68, 293
Parabolina (Neoparabolina) frequens 

argentina  137
Parabolinella bolbifrons  97
Parabolinoididae  195
Paraceraurus cf. ingricus  316
Paraceraurus exsul  81
Paracoosia sp.  283

Paracybeloides girvanensis  333
Paradoxides davidis davidis  274, 275, 

285
Paradoxides davidis intermedius  273
Paradoxides (Eccaparadoxides) 

pradoanus  289
Paradoxides gracilis  132, 164
Paradoxides sp.  298
Paradoxidoidea  164
Paralejurus colossicus  380
Paralejurus hamlagdadicus  63, 86
Paralepidoproetus sp.  367
Paranepherolenellus sp.  245
Parapeytoia yunnanensis  130
Paraproetus girvanensis  334
Paraszechuanella sp.  301
Parvancorina minchami  36
Parvancorina sagitta  36
Pascichnia  135
pathological deformities  106
Peachella iddingsi  44
Pedinopariops brongniarti  65
Pedinopariops richterianus geminus  

385
Pedinopariops sp.  385
Pelagic Species  122
Peltura scarabaeoides  296
Pelturinae  197
Peronopsidae  160
Peronopsis integra  161
Peronopsis interstricta  160
Perrector (Richterops) cf. falloti  44
Phacomorphs  122
Phacopidae  177
Phacopina  174
PHACOPINA  176
Phacopoidea  176
Phacops cf. imitator  65
Phacops imitator  65
Phacops latifrons  65
Phalacromidae  160
Phantaspis auritus  263
Phantaspis sp.  263
Pharostoma pulchrum  306
Phillipsiidae  185
Phillipsinella parabola  335
Phillipsinellidae  168
Phylacteridae  201
Phylum Proarticulata  38
Phytophilaspis pergamena  211, 238
Pilekiidae  180
Pits  85
Placoparia cambriensis  306
Placoparia (Coplacoparia) tournemini  

97
Placoparina sedgwicki  306
Plagiolaria nandanensis  102
Platteville Formation  320
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Pliomera sp.  316
Pliomeridae  180
Pliomerops sp.  180
Plutonides hicksii  285
Poleta Formation  234
Porcellio scaber  98
Posture  128
Predation  106
Pricyclopyge (Bicyclopyge) binodosa  

306
Pricyclopyge longicephala  191
Pricyclopyge sp.  126
Primaspis girvanensis  334
Primicaris larvaformis  36
Proasaphiscidae  201
Proasaphiscus lui  263
Proasaphiscus yabei  283
Proceratopyge  138
Proetida  183
Proetidae  185
Proetina  183
Proetoidea  183
PROETOIDEA  185
Proetus concinnus  357
Proliostracus sp.  257
Proparian suture  55
Prosopiscidae  178
prosopon  84
protaspis  99
Protichnites  135
Protolenidae  165
Protolenus (P.) cf. densigranulatus  44
Pseudoangustidontus cf. duplospineus  

110
Pseudobasiliella cf. kegelensis  329
Pseudobilobites  136
Pseudocalymene cf. granulata  302
Pseudocryphaeus sp.  368
Pseudocybele  129
Pseudocybele altinasuta  81
Pseudocybele nasuta  79
Pseudodechenella arkonensis  394
Pseudomegalaspis patagiata  190
Pseudomera archnopyge  312
pseudotubercles  84
Psychopyge elegans  75
Psychopyge psyche  380
Pterocephalia norfordi  204
Pterocephaliidae  195
Pteroparia coumiacensis  69
Pterygometopidae  177
Pterygometopus sclerops  318
Ptychagnostidae  160
Ptychagnostus praecurrens  161, 277
Ptychagnostus sinicus  263
Ptychaspididae  205
Ptychoparella buttsi  260
Ptychopariida  198

Ptychopariidae  201
Ptychopariina  198
PTYCHOPARIINA  200
Ptychoparioidea  200
PTYCHOPARIOIDEA  201
Ptychopyge orientalis  317
Ptychopyge sp.  317
Pyramid Shale Member  244

Q

Quadrops flexuosus  71, 119

R

Raaschichnus  136
Radiaspis cf. comes  385
Ramskoeldia platyacantha  110
Ranatra dispar  113
Raphiophoridae  192
Raphiophorus parvulus  357
Raymondites sp.  187
Redlichia rex  44, 130, 164, 248
Redlichia takooensis  116, 248
Redlichiina  162
Redlichioidea  164
Reedocalymene expansa  75
regurgitalites  116
Remopleurides cf. elongatus  319
Remopleurides elongatus  196
Remopleurididae  195
Repichnia  135
Resting posture  128
Reteocrinus stellaris  178
Rheiscutellum heidelbergerorum  376
Rheiscutellum sp.  81
Rhenops sp.  95
Rielaspis cf. elegantula  347
Rielaspis elegantula  342, 344
Rielaspis sp.  347, 348
Ringstrand Formation  240
Rome (“Montevallo”) Formation  258
Rorringtoniidae  186
Rosella Formation  231
Rupbach Shale  373
Rusophycus  135
Rusophycus avalonensis  34
Rusophycus dispar  132

S

Salterian mode  101
Salterocoryphe salteri  175
Santiago Formation  403
Sapeiron sp.  211
Saukiidae  205
Scabriscutellum archinalae  387
Schinderhannes bartelsi  109
Schizochroal eye  66
schizochroal eyes  64

Schmalenseeia fusilis  74
Schmidtiellus reetae  66
Scotoharpes rotundus  206, 315
Scotoharpes spaskii  206
sculptures  84
Scutelluidae  168
Scutellum sp.  368
Seleneceme acuticaudata  308
Selenopeltis buchii buchii  75, 309, 310
Selenopeltis inermis beyrichi  223
Selenopeltis inermis macrophthalmus  

307
Selenopeltis sp.  308
Selenopleuropsis cf. rouayrouxi  267
Septimopeltis akatastasia  383, 387
Shantungia liui  294
Sharyiidae  187
Shirakiellidae  169
Shumardiidae  201
Shumardoella (Conophrys) salopiensis  

98
Sidneyia inexpectans  130
Sinsk Formation  237
Skania sundbergi  36
Skioldia aldna  211
Solenopleuridae  201
Solvik Formation  337
Soomaspis splendida  208
Spathacalymene nasuta  351
Species with Cephalic Perforations  

123
Species with Marginal Cephalic Spines  

123
Speleonectes tanumekes  93
Sphaeragnostidae  160
Sphaerocoryphe globiceps  335
Sphaerocoryphe robusta  81
Sphaerocoryphe sp.  325
Sphaerocoryphe thomsoni  333
Sphaerophthalmus alatus  63
Spheroidal enrollment  78
Sphooceras truncatum  104
Spinagnostidae  160
Spiral enrollment  78
Spriggina floundersi  38, 40
Squilla empusa  113
Stapeleyella inconstans  310
Staurocephalidae  180
St David’s Series  284
Stelckaspis cf. perplexa  347
Stelckaspis perplexa  345
Stelckaspis sp.  347
Stenopareia grandis  342
Stephen Formation, (Burgess Shale)  

276
Strepsiptera  64
Struevaspis sp.  378
Styginidae  168
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Subisopygous  80
Suludella media  239
Svalbardichnus  136
Symphysops stevaninae  126, 191
Symphysurus ebbestadi  105
Symphysurus ? sicardi  94
Synclinorium de Châteaulin  400
Szeaspis conicus  264
Szechuanella sp.  169

T

Taishunghaniidae  191
Tanganoxichnus  136
Tapeats Sandstone  30
Taphonomy  143
Tapinocalymene vulpecula  357
Tariccoia arrusensis  208, 211
Teinistion lansi lansi  294
Teleopsis dalmanni  68
Telephina sp.  126
Telephinidae  187
Terataspis grandis  390, 391
Terataspis sp.  390
Teresellus golfieldensis  235
Thaleops mobydicki  168, 325
Thornloe Formation  346
Timsaloproetus alissae  86
Tomagnostus fissus  286
Tomtem Member  240
Tornoceras uniangulare  395
Treptichnus pedum  29
Tretaspis latilimba  134
Triarthrinae  197
Triarthrus eatoni  90, 95, 96, 99, 89
Triarthrus spinosus  197
Tricrepicephalidae  201
Trimerocephalus mastophthalmus  69
Trimerus sp.  368
Trinucleida  192
Trinucleidae  192
Trochurus sp.  335
Tropidocoryphe insciens  385, 387
Tropidocoryphe werneri  378
Tropidocoryphidae  185
Tsinaniidae  168
Tsunyidiscidae  159
Tsunyidiscus cf. acutus  44
Tully Limestone Formation  396
Tuzoia manchuriensis  264

U

Uralichas ribeiroi  XIX
Uripes geikiei  333, 335
Uripes scutalis  357
Utaspis marjumensis  202
Utiidae  201

V

Vachonisia rogeri  89
Vendia rachiata  38
Viaphacops sp.  65, 324
Vishnu Schist  30

W

Waldron Shale Formation  349
Walliserops hammii  119
Walliserops trifurcatus  75, 179
Wanneria sp.  44, 253
Wanneria walcottana  255
Warburgella rugulosa canadensis  132
Waribole warsteinensis  61
Water scorpion  113
Weeksina unispina  113, 202
Wenban Limestones  359
Wenlock Edge  352
Weymouthiidae  159
Widder Formation  392
Wiwaxia corrugata  280
Wongia sp.  283
Wuaniidae  201
Wujiajiania sutherlandi  133, 197

X

Xandarella spectaculum  211
Xenasaphus devexus  103
Xiphogonium  trautensteinense  367

Y

Yiliangella xundianensis  164
Yinitidae  167
Yohoia tenuis  113
Yorgia waggoneri  38, 107
Yukoniidae  159
Yunnanocephalidae  165
Yunnanocephalus yunnanensis  44

Z

Zacanthoides grabaui  74, 75
Zacanthoides typicalis  71
Zacanthoididae  167
Zhangshania typica  44
Zhangxia Formation  281
Zlichovaspis rugosa  71
Zhiyia sp.  301



Megistaspis (Ekeraspis) hammondi Corbacho & Vela, 2010, early Ordovician (Tremadocian), Fezouata Formation, Zagora, Morocco, 26cm, (BPM coll.)
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