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Abstract Over 4,500 radiolarian species were described by C. G. Ehrenberg (1795-1876) and E.
Haeckel (1834-1919) in the 19th Century. Inadequate knowledge of these taxa, which even today
form a large fraction of described names for radiolarians, has long hindered the development of radi-
olarian research. The papers in this volume provide the first major, albeit incomplete, review of these
names using the original preserved materials. The Ehrenberg Collection has been kept in the Museum
fiir Naturkunde, Berlin, and has recently been restored and made accessible for research. Several
places in Britain and Germany were visited to locate Haeckel’s scattered radiolarian collections. Only
a small fraction of Haeckel’s original materials are still preserved (in Jena, Germany) although the
Natural History Museum in London still holds a nearly complete set of original Challenger Expedi-
tion plankton and sediment samples. For the benefit of future research on Haeckel’s taxa, we summa-
rize here how to access and interpret these collections. In addition, we have resolved most of the pub-
lication dates of Ehrenberg’s papers, providing a list of the correct dates, based primarily on the print-
ing dates given in the original journal volumes. Citation of these in recent literature has often been
confused, which complicates locating original descriptions, and adversely affects determining priority
of names under International Code of Zoological Nomenclature (ICZN).
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Introduction

The history of radiolarian research is long and has been marked by many changes in empha-
sis and activity over the decades. One constant theme however has been the highly incomplete
and unstable state of radiolarian taxonomy, particularly for Cenozoic material. This has in part
been due to the inability of more recent workers to re-examine and thus formally revise the ex-
tensive but very preliminary taxonomic work of the two great founders of radiolarian systemat-
ics: C. G. Ehrenberg (1795-1876) and E. Haeckel (1834—-1919).

Ehrenberg was the first worker to describe significant numbers of radiolarians, together with
numerous other groups of living and fossil microorganisms, particularly diatoms. Often referred
to as the founder of micropaleontology, Ehrenberg’s primary interests were to document the di-
versity of microscopic life forms, describe the complexity of their structure, and to try and under-
stand their basic patterns of distribution in nature. As detailed in the papers in this volume
(Ogane et al., 2009; Suzuki, 2009; Suzuki et al., 2009a, 2009b) Ehrenberg described over 70
genera and more than 500 species of radiolarians, including a many of the most commonly oc-
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curring Cenozoic genera and species. Ehrenberg’s descriptions and drawings, although meticu-
lous for the standards of his time, are often insufficient for today’s more detailed knowledge of
microorganisms, and review of his material is much needed. Algologists have begun this process
for many of Ehrenberg’s diatom and other algal species (see www.algaterra.org), but until now no
similar attempt has been made for radiolarians.

Haeckel, although primarily known for his promotion of Darwin’s theory of evolutionary bi-
ology and his ‘Monism’ philosophy, was also an extremely productive taxonomist of both radio-
larians and other groups of organisms such as cnidarians. Haeckel described over 700 genera and
over 4,000 new species of radiolarians. Some of these came from Mediterranean plankton (see
Sakai et al., 2009 for details), but the majority were described in his great monograph based on
materials of the Challenger deep-sea expedition. Unlike Ehrenberg, who was largely content to
create taxonomy at the genus and species level only, Haeckel (probably because of his interest in
documenting the hierarchy of evolutionary descent), erected a complex system of higher level
taxa for radiolarians. This system was, by his own admission, highly artificial. By splitting
species into multiple categories based on arbitrary higher level criteria, it created numerous dis-
tinct taxonomic names for con-specific forms, and thus a major challenge for taxonomic revision
by later workers. These two workers together introduced thousands of genus and species level
names for Cenozoic or Recent material, names which still dominate the modern Cenozoic-Re-
cent taxonomic literature. Despite decades of work by radiolarian specialists, many of these taxa
are still badly in need of review and revision.

History of Ehrenberg and Haeckel Materials

Unfortunately, both Haeckel and Ehrenberg worked in universities located what became East
Germany. Economic and political restrictions meant that neither local nor international study of
these collections was possible. Without any way to re-examine materials, much of radiolarian
systematics was left in a limbo, which only became possible to change with the collapse of com-
munism and the reunification of East with West Germany at the beginning of the 1990s.

Ehrenberg, rather unusually for his time, had always maintained detailed records of the mate-
rial he studied, and was careful to preserve both the original samples and the microscopic prepa-
rations themselves (on mica discs, as glass slides were then still expensive and of variable quali-
ty). In this work he was assisted by his daughter Clara, and after Ehrenberg’s death Clara careful-
ly documented the material before it’s official donation to the Berlin university. The collection
was moved into the new Museum fiir Naturkunde (Natural History Museum) soon after it’s open-
ing in 1889. The collection however did not receive any special curation, and with Germany’s fi-
nancial and social problems in the early part of the 20th Century became neglected. Although the
importance of the collection was recognized by Museum staff during the East Germany years, re-
sources were seriously inadequate and the collection was difficult to access and little used. In the
mid 1990s, the senior author was appointed as the first curator to the Ehrenberg collection, and
was able to carry out the needed basic curation work to make the collection accessible again for
scientific research (Lazarus, 1998; Lazarus and Jahn, 1998).

In the late 1990’s the senior author also began a new search for the long missing Haeckel ma-
terials. This search (Lazarus, 2000) was able to determine that only a limited set of original
Haeckel material was still left at his university: the original slides used for Haeckel’s early studies
of radiolarian plankton from the Mediterranean Sea near Messina. Some of the remaining materi-
al had apparently been sent by Haeckel shortly before his death to a scholar for additional re-
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search in Berlin, but no records exist of this material any more and it must be presumed to be
lost. Haeckel also gave away at least some of the material he had used in his studies as gifts to
relatives. Specifically, he gave a set of a dozen original (mostly Challenger) plankton slides plus
a partial set of his mass-produced ‘teaching’ slides to a favorite niece. These slides have survived
and are now held privately by her descendants, the Benn family. The authors have recently been
able, through the generosity of the Benn family, to examine this material and photograph the ra-
diolarians contained in it (archive available at the Berlin Museum website). Importantly the mate-
rial, being held privately rather than in a recognized repository, is not suitable for new systematic
studies. No taxa though were seen in these slides that are not also present in other, similar plank-
ton slides held in Museum repositories, so the restricted usability of the material does not present
a problem.

The bulk of the Haeckel radiolarians still available for study is contained in the material of
the original Challenger expedition, held by the Natural History Museum in London and stored
partially in the main Kensington facility and partially in external storage facilities, e.g.
Wandsworth (Lazarus, 2000). These materials consist of several components—original plankton
slides prepared on the Challenger itself, deep-sea sediment samples from the Challenger Expedi-
tion, and radiolarian ‘teaching slides’ prepared in large quantities and sold commercially by
Haeckel as part of his efforts to raise funds to found a new evolution museum in Jena. The plank-
ton slides and teaching slides are stored in the Natural History Museum in London, in the De-
partment of Palaecontology; the sediment samples are in the Wandsworth facility and are curated
by the Museum’s Department of Geology. The plankton slides are often labeled with radiolarian
taxa names in Haeckel’s own hand, but are not marked specifically to indicate the presence of
type specimens (Lazarus, 2000). Although previous workers, most notably Nigrini (then Clark),
had examined some of these materials in the late 1960s and 1970s, the material at that time was
assumed to be of at best secondary importance, as it was then thought that original type material
from Haeckel may still have survived in Jena and East Berlin.

Haeckel’s students, e.g. Dreyer, also may have used some of Haeckel’s original materials for
their own studies, but, despite attempts to trace such materials in Germany by the senior author,
there is no evidence that any of these materials, if they had existed, now survive. Nor would it be
likely that such materials, even if found, would be marked in ways that allow identification of un-
ambiguous type specimens. It is therefore recommended to treat the remaining material in Jena
and London as the basis for all future Haeckel radiolarian typification work.

The lack of marked type specimens is in general one of the major problems in resolving un-
certainties in these two authors’ taxonomic legacy: neither one designated type specimens, either
in their publications or in the materials they studied. For Ehrenberg, this is natural as the concept
of the type specimen had not yet in his time been developed, but is less excusable for Haeckel, as
designating types had become common taxonomic practice during the period in which he carried
out his own work. Fortunately, Ehrenberg’s methods for preparing and labeling materials, togeth-
er with the accuracy of his drawings, normally allow workers to identify the actual specimen used
by him to illustrate new species (see discussion and results by Ogane et al., 2009; Suzuki, 2009;
Suzuki et al., 2009a, 2009b, this volume). For Haeckel’s taxa, there is no alternative but to
choose a new lectotype specimen from, wherever possible, topotype material to fix his species
names. For some of Haeckel’s taxa, single picked specimens make this process fairly clear (see
Sakai et al., 2009, this volume) but for the most part only mixed strewn slides or unprocessed
sediment samples are available for this purpose. In the papers in this volume, specimens suitable
for type fixation have been found for the large majority of Ehrenberg’s species. For the much
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larger number of species described by Haeckel we have only been able to re-illustrate those
forms found in a selection of the plankton slides (see Aita ef al., 2009, this volume). The numer-
ous taxa described by Haeckel from sediment samples remain a challenge for the future.

The current project was formed in 2004 as an international collaboration between European
curators and Japanese taxonomists in the hope that by combining curatorial knowledge, taxo-
nomic expertise and sufficient manpower, real progress could be made on the difficult legacy of
Ehrenberg’s and Haeckel’s radiolarian taxonomy. The work of the project has been described in
detail in Tanimura et al. (2006). The goal of this project has not been to attempt to formally re-
vise the entire corpus of Cenozoic radiolarian taxonomy, an enormous task for which we are nei-
ther fully qualified, nor have the resources to achieve. Instead we have simply attempted to make
these hitherto largely inaccessible collections accessible to the community of radiolarian taxono-
mists, primarily by imaging using modern digital technologies the forms encountered on the
slides and making them available via new plates, and in the future, an online archive. It remains
for individual taxonomists to carry out the needed formal revisions for taxa within their own spe-
cial area of expertise, drawing on the imaged specimens presented in this volume.

A note on the publication dates of Ehrenberg’s papers

Ehrenberg published virtually all of his primary species descriptions in either the Monats-
bericht (monthly report) or Abhandlung (proceedings) of the Prussian Academy of Sciences
(now part of the Berlin-Brandenburg Academy of Sciences-BBAW). Except in some the earliest
volumes, each volume of these two serial publications is marked with two different dates. The
first date is the year of activities that the publication covers, such as when the paper was first pre-
sented orally to academy members, while the second date, often one or two years later, is the date
when the volume with the written paper was actually published. Ehrenberg and other authors oc-
casionally sent preprints of their papers to colleagues or other institutions, and the presence of
these preprints in the library of the Natural History Museum in London have led some previous
authors (e.g. Nigrini, 1967) to conclude that Ehrenberg’s papers were effectively published in the
year that they were orally presented. However, distribution of such preprints was purely a person-
al activity and not one practiced by the Academy at any time (pers. comm. to DBL by Anne
Jobst, archivist, and librarians of the Berlin-Brandenburg Academy of Sciences, 2009), and such
sporadic and informal distribution does not constitute publication under the rules of the ICZN.
The correct publication dates for general citation and in particular for taxonomic priority purpos-
es remain the latter date of actual formal publication of the printed volume. For the early volumes
that lack a separate date indicating printing, there is no other information preserved to our knowl-
edge that would allow setting the date independently of the date provided for initial oral presenta-
tion. We have checked both with the Berlin-Brandenburg Academy of Sciences (the successor to
the Prussian Academy of Sciences) and the German Federal Library (the Staadtsbibliothek) and
no authoritative records of actual printing dates have been preserved. Thus for these volumes we
suggest using the sole available date-year of initial presentation (Table 1).

Resources for working with Ehrenberg and Haeckel Radiolarian Taxa

Ehrenberg
The Ehrenberg Collection at the Museum fiir Naturkunde in Berlin (http:/www.museum.hu-
berlin.de/pal/microp/echrenmp.asp?lang=1) maintains extensive online documentation, including
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a database of the collection, scanned copies of Clara Ehrenberg’s handwritten indices the collec-
tion, a full set of scans of the original drawings, photographs of the ‘mica’ preparations with la-
bels, various other documents and copies of Ehrenberg’s two major monographs (the Infusion-
sthierchen, 1838 and the Mikrogeologie, 1854). The latter volumes are largely syntheses of pa-
pers previously published in the Monatsbericht and Abhandlungen. These original articles can be
obtained from the Academy (www.bbaw.de). It should also be noted that Ehrenberg’s taxonomic
work was by no means restricted to radiolarians, and indeed most taxonomists who work with
Ehrenberg’s materials today are algologists, particularly diatomists. These communities also
maintain extensive information about Ehrenberg and his publications, and can be consulted for
further information about his professional life and his science.

Haeckel

Haeckel’s personal legacy is preserved in two institutions in Jena—the Ernst-Haeckel Haus,
and the Phyletisches Museum, but, as also described in a paper in this volume (Sakai et al.,
2009), only a small amount of Haeckel’s radiolarian materials have been preserved in these insti-
tutions. Only Haeckel’s Messina material is stored in the Haeckel-Haus, and no primary materials
are known to be stored in the Phyletisches Museum. The most important source of Haeckel radi-
olarian materials are those of the Challenger Expedition housed in the Natural History Museum,
London in the departments of Palacontology and Geology. The curators of these collections
should be contacted for details of access. Haeckel’s major publications, and most importantly his
Challenger report, are available in scanned form online from a variety of sources, including the
Biodiversity Heritage Library.
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