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Abstract

C.G. Ehrenberg’s extensive collections from his pioneering studies of microscopic organisms,
both living and fossil, are stored at the Institut fiir Paldontologie, Museum fiir Naturkunde,
Berlin. The Ehrenberg Collection consists of some 40,000 microscope preparations, several
thousand raw samples, thousands of illustrations, and several hundred letters. It is believed to
hold several thousand type specimens, including the types for more than 10% of the described
genera of diatoms and radiolaria. Ehrenberg’s documentation of his numerous named taxa is
often insufficicnt for modern taxonomic research, and the collection itself (the Museum being
located in the former East German side of the city) was until recently not widely available for
scientific study. With the new resources available since the re-unification of Germany, and the
appointment of a new curator in 1996, plans are being made to re-catalogue the collection,
improve access to materials, and to identify and re-iliustrate the type material.
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INTRODUCTION

Christian Gottfried Ehrenberg (1795-1876) was one of the founding fathers
of the discipline known today as micropalaeontology, as well as being an active
member of the scientific establishment in 19th century Germany, holding a
professorship for many years at the University in Berlin. Ehrenberg, born in
the small town of Delitzsch near Leipzig, studied first for the ministry before
switching to his preferred field of natural sciences. Soon after completing his
doctoral work on the fungal biotas in and around Berlin, he was invited by
Alexander von Humboldt to go on two major expeditions — the first, under the
command of the Prussian General von Minutoli to the Middle East (1820-1825),
the second, with Humboldt, to Russia and Siberia (1827). Ehrenberg, with the
help of his colleagues, collected thousands of specimens of plant and animals
on these expeditions, which were sent back to the University Museum in Berlin.

Ehrenberg’s research interests after his return from the Middle East however
turned ever more strongly towards microscopic organisms. Publishing
extensively in the two journals of the Akademie des Wissenschaften, Berlin -
the Monatsberichte and the Abhandlung - Ehrenberg described a vast number
of new forms of organisms, both living and fossil. He became internationally
known for his research on microorganisms, and received a substantial amount
of additional material in the mail from foreign colleagues and collectors. Much
of this work was summarised in two major monographic publications — the
Infusionsthierchen in 1838, and the Mikrogeologie of 1854. In later years
Ehrenberg’s eyesight began to weaken, and he was helped in the enormous
work of cataloguing and cross-indexing his collections by his youngest daughter
Clara. Ehrenberg’s collections were donated to the University of Berlin upon
his death in 1876, and are now stored at the Museum fiir Naturkunde (M{N)
in Berlin.

DESCRIPTION AND PREVIOUS HISTORY

Of Ehrenberg’s extensive collections of larger organisms, most still remain
at the MIN. These are distributed among the Museum’s taxonomically organised
major collections in the Institut fiir Systematische Zoologie. Researchers
interested in these materials should contact the taxonomically relevant MfN
curator for more details. Because the collections are normally only catalogued
on paper by taxonomic category or locality, one should be prepared to give
precise taxonomic and/or locality names for any material desired.

The bulk of the Ehrenberg Collection at the MfN however refers to the
microscopic part of Ehrenberg’s legacy — the collections used in his
Mikrogeologie and Infusionsthierchen publications. These materials, together
with supporting documents, are stored together in the Institut fiir Paldontologie
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as the ‘Ehrenberg Collection’, and are the subject of the remainder of this
paper. Ehrenberg examined a wide taxonomic range of material, including
coccolithophores, silicoflagellates and other algal groups, foraminifera, sponge
spicules and other microscopic parts of multicellular organisms - indeed almost
whatever he found in the samples. The bulk of the collection however is
concerned with the siliceous shells of fossil and recent diatoms, and, to a
somewhat lesser degree, of radiolaria. As explained above, Ehrenberg collected
extensively on his own, and received many samples in addition from
correspondents world-wide. There is a correspondingly broad range of material
in the collection. Material comes from Europe, North, Central and South
America, Africa, the Near East, the North Atlantic, North Pacific, Australia —
indeed, almost every major geographic region on Earth; and includes samples
of living material, sediment, soils, and indurated rock.

Because Ehrenberg included many rock samples in his studies, there is a
substantial geological range as well to the collection. The samples, having been
collected more than a century ago, are not well dated (at least by modern
standards), but at least some samples appear to be of Cretaccous age, and there
is a great deal of Palacogene material as well. Thus, although most of the
material is geologically quite young - soils, Holocene sediment etc., there is
a substantial interest in the collection from palacontologists as well as biologists.

Size, type specimens, type specics

The Ehrenberg Collection contains nearly 5,000 raw samples, more than 40,000
microscope preparations, approximately 3,000 drawings, 800 letters and various
other documents. It is a remarkable legacy, even in terms of simple size.

The Ehrenberg collection’s great importance, however, lies in the large
number of type specimens contained within it. There are no definitive figures
for this, as Ehrenberg’s own lists are not complete, but the following estimates
can be made, based on numbers given by Locker (1980): 4,500 type specimens
for species or other specics-level taxa, and nearly 200 type species of genera,
distributed among protistan groups, as shown in Figure 1. These are probably,
however, minimum values. Recent work by diatom specialists indicates, for
example, that although there are 46 Ehrenberg diatom genera in the botanical
list of Names in Current Use (Jahn, This Volume), a detailed compilation from
Ehrenberg’s own publications gives 99 genera (Jahn & Geissler, 1993).
Although no complete list exists yet for the radiolarians, Dr. Jean Pierre Caulet
in Paris has been compiling a radiolarian generic list for some ycars. In Dr.
Caulet’s list (pers. comm., 1994), there are 15 genera with Ehrenberg type
species within the letter ‘A’ alone. Assuming that this ratio holds for the entire
list, and given that the ‘A’s make up about 10% of it, a rough estimate of about
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Figure 1. Approximate composition of type genera in the Ehrenberg Collection, after Locker (1980). Groups on the
left arc handled under the botanical code, those on the right under the zoological. Only relative numbers are
reasonably reliable, as absolute numbers (see text) may well be double those shown.

150 generic type species is obtained. These numbers - thousands of type
specimens, of which some hundreds are the types of genera — give the Ehrenberg
Collection enormous taxonomic importance.

Importance to radiolarian and diatom workers today

Given that the Ehrenberg Collection is dominated by diatom and radiolarian
taxa, it is worthwhile to briefly summarise the development of these fields,
and comment more specifically on the significance of the Ehrenberg Collection

to the taxonomy of these groups.

Diatoms (Figure 2) are one of the most diverse and abundant groups of
photosynthetic protists, with tens of thousands (the precise number is not
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Figure 3. Radiolarian shells. a - Cycladophora cabrilloensis, a simple nassellarian from the North Pacific Miocene
(NDSDP Site 173, California borderland). b and ¢ - stylatractid (gen. et. sp. inde.), a fairly simple spumellarian form
from Antarctic deep sca sediments. Two different focal depths to illustrate internal (b) and external (¢) morphology.
d - SEM micrograph of Ommatodiscus sp.. an imvolutely spiralled spumellarian, to illustrate complex morphology of

some radiolarian groups. Antarctic Miocene deep sea sediments. Specimens in a-c are approx. 100 pm in longest

dimension, d is approx. 300 pm across field of vicw. d imaged by Dr. [. Popova.

known) of living specics. distributed over an enormous range of biological
habitats, both freshwater and marine. Diatom research has developed steadily
for more than a hundred years, with application to marine and freshwater
biology. environmental research, and. to a lesser extent, palacoceanography —
the study ol ancient occans from deep sea sediment samples. There are hundreds
of diatom workers active today (mostly studying living or Holocene material),
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and there are several other large diatom collections (and curators) in the world’s
museums. The Ehrenberg Collection is however, with something like 10-20%
of the described diatom type species, of special importance for diatom
nomenclature, and now needs to be re-integrated into the world’s diatom
taxonomy research community.

Radiolarians have a substantially different biology and geological history
from diatoms, and radiolarian research has developed along different lines.
Radiolarians (Figure 3) are exclusively holoplanktonic marine organisms, have
a modern diversity of only a few hundred species, and are not particularly
significant components of modern marine plankton. However, in contrast to
the diatoms, where perhaps 90% of the described species are living,
approximately 90% of the several thousand described radiolarian taxa are fossil
forms. Indeed, radiolarian research is essentially palaeontologic, and
radiolarians arc widely used in stratigraphy throughout the Phanerozoic, in
palaeoceanography, and in palaeobiological studies. Radiolarian research has
developed episodically, with an initial phase of interest in the preceding century,
a quiet interval between about 1910 and 1950, and a second, mostly geological
phase of development since then, in conjunction with renewed interest in
subjects such as plate tectonics and paleoceanography after WWIIL. As this
newer phase of research has been more problem-oriented than systematic,
radiolarian taxonomy is still dominated by the massive monograph of Ernst
Haeckel (Haeckel, 1887), who integrated Ehrenberg’s earlier work with his
own observations of the then newly obtained Challenger materials.
Unfortunately, the current whereabouts of the Haeckel collection is unknown.
Radiolarian taxonomic research has thus for many years been hindered by the
lack of new systematic syntheses, and the unavailability of most described type
material for examination. The Ehrenberg collection is in fact, at present, the
only large collection of radiolarian type material known to be deposited in a
museum, and the only one as well with a dedicated curatorial position attached
to it. It is of unusual potential importance therefore to the future development
of radiolarian taxonomy, even beyond the significance that the Ehrenberg
Collection itself holds, with its type material for about 10-15% of currently
described radiolarian taxa.

History of curation and current condition of the collection

The Ehrenberg Collection was donated to the Berlin University upon
Ehrenberg’s death in 1876, and was transferred in 1907 to the MfN, which had
been established not that many years earlier (the building was opened in 1889).
The Collection was only occasionally used from the time of donation until
WWII, possibly partly as Ehrenberg had provided excellent illustrations of his
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material. After WWII the Collection was largely not available, due to political
and financial problems. Indeed, after the war it was at first thought by some
in the international community to be lost, although it was later realised that it
had survived. Some individual visits were made during the DDR (East German)
years, and some materials were exchanged by mail, but the collection was
comparatively little uscd.

In the late 1960s Sigurd Locker of the MfN began to restore the Collection,
collecting scattered materials, sorting and labelling, and publishing short papers
summarising its extent (Locker, 1970, 1980). However, there were not sufficient
resources available to undertake many of the fundamental restoration efforts
needed. On February 3rd, 1982, a fire broke out on the roof of the MfN. Most
of the Collection was at that time stored near the roof, and it was only rescued
from destruction by the prompt action of M{N curators. Parts of the Collection
did get rather wet from the fire-fighter’s hoses, but were carefully dried out again
before the collection could suffer any more than very minor water damage
(internal report, Locker, 1982).

From the early 1980s until his retirement in the early 1990s Dr. W. Krutzsch
assumed responsibility for the Collection, after which it was looked after by
Dr. E. Pietrzenuik. In this time interval the Museum built special new cabinets
and hundreds of glass-covered trays to safely hold the mica preparation folders.
However, due to continued lack of resources, little additional restoration work
was possible; it was only in the 1990s that the last cases of micas - containing
much of the prepared living material — were finally found and returned to the
Collection. In mid 1996 the Collection curatorship was assumed by the author.

Physical organisation of the collection

The Ehrenberg Collection is divided, as described above, into several
different subcollections — the microscope preparations, the samples, the
drawings, letters, and the index books. All are stored together in a single room
in the Institut fiir Paldontologie at the MfN.

The microscope preparations (Figures 4-5) — which contain all of the type
specimens — were, for the most part, made by Ehrenberg on small round (~ 1
cm diameter) sheets of mica. Ehrenberg did so for reasons of practicality and
economy — glass slides and cover slips were in his day rather expensive and
hard to obtain. The specimens are embedded on one side of the mica under a
relatively thick layer of Canada balsam, usually without a cover-slip. Specimens
of particular interest, such as types, are marked on the surface of the balsam
by small coloured glued-on paper rings. These micas themselves are not secured
to glass slides, but instead are fixed with small drops of additional Canada
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Figure 5. Close up of mica strip. The mica discs are glued 10 mica strips. and held in place by inserting the strip ends into slits in the folder's paper backing. The labels under each
strip (not directly attached to the micas) give the observations made by Ehrenberg for each mica, mostly taxonomic names. Letters (R. 0. v. etc.) indicate which coloured paper ring
marks the taxon, The rings on many micas are however now so discoloured with age that identification is difficult.
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balsam in groups of five to strips of mica. The strips are laid out in rows in
roughly page-sized cardboard folders (a ‘Buch’), and are held in place by
inserting the strip ends into slits in the paper backing. Groups of folders are
filed together in cardboard cases (‘Kasten’). Each case holds approx. 800
preparations, and there are 51 such cases. In addition, there are two cases
holding preparations similar to these, but where the micas have been mounted
in microslide-like holders (several micas per holder), and two last cases
containing glass slide-mounted material, including thin rock sections.

Ehrenberg provided a standard set of paper labels for each mica in the
collection, on which he wrote (in a very hard to read, fine hand!) the important
taxa he had marked with coloured paper rings. Unfortunately, the ring colours
have faded and altered over time, so that it is difficult to identify which of the
often many rings correspond to the label text. Ehrenberg also occasionally used
the sheet of paper inscrted into each folder to protect the micas as an additional
notepad, particularly for making more lengthy lists of taxa. Such annotations
(on the mica folders, drawings, etc.) are of unusual importance, as Ehrenberg
did not keep - or at least did not include in his legacy to the Museum - any
sort of daily diary or lab book documenting his work. Nor, it should be noted,
did Ehrenberg mark, or specifically indicate in any other location other than

Figure 6. Sample drawer. A wide variety of sample containers is visible, including boxes, trays, bottles, and
envelopes. Note the presence of some lithified rock samples (right hand side) as well.
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his index volumes (sec below). which specimen should be considered the type
for a taxon.

The sample collection (~5,000 samples) has been extensively reorganised
by Dr. Locker, and is stored in two specially constructed cabinets, Dr. Krutzsch
has estimated that there are raw samples available for about 50% of the
preparations (Krutzsch, unpubl. MIN document). Samples bear the numbers
given to them by Ehrenberg, and are for the most part still in their original
containers, complete with the hand-written notes of the collector (Figure 6).

The drawing collection is of particular importance. Some 3,000 approx. US
‘Letter’ (i.e. 8.5 x 11 inches) sized sheets, bearing the numbers assigned by
Ehrenberg, are in this collection. The drawings (Figure 7) are pencil sketches
by Ehrenberg, partly coloured. of his microscope observations, and may
illustrate several different taxa on a single page. Only a fraction of the
illustrations were published, and in at least some instances they portray taxa
formally named but never illustrated by Ehrenberg in a publication. The
drawings are stored in bundles in cardboard boxes. Numbers on each sheet can
be cross-referenced with the help of Ehrenberg’s index volumes to the actual
mica preparations used to crcate cach drawing.

Lastly, there is the Letter collection, containing several hundred letters of
correspondence with various prominent researchers and explorers of
Ehrenberg’s day, including Alexander von Humboldt, J.D. Hooker, Samucl
Morse, and Charles Darwin (Figure 8). This collection is of value to historians
of science. Furthermore, as many of the letters accompanied samples sent to
Ehrenberg for examination, they are also an important part of the scientific
documentation of the specimen collection, containing essential information on
localities, collection conditions and the like.

All of the above items — the mica preparations, the drawings, samples, letters
—would be of little use unless there was some way to link the various individual
items together, and to the many publications of Ehrenberg wherein the taxa
are described. Ehrenberg himself typically did not refer to any single system
of index numbers in his publications, but instead usually gave a number that
was specific to the current publication, or only a locality name, or a citation
of one of his earlier publications. Fortunately, Ehrenberg left behind two master
index books, in part compiled by his daughter Clara (Figure 9). One book —
the Geographic Index — gives a cross index between these numbers and those
of his major publication, the Mikrogeologie. The Geographic Index also cross
references each sample to the micas, to a publication and/or to a letter in the
Letter collection. The Taxonomic Index by contrast gives an entry for each
identitied specics to the case and folder where the prepared micas are to be
found, to the publication(s) where first used. described, and illustrated; plus
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Figure 7. One of Ehrenberg’s drawings, this onc mostly of diatoms. but with some sponge spicules and pollen grains as well. The drawing is labelled on the back *West Point New
York. Kieselguhr. Abhandl. 1841 p. 294, Microg. Taf. 11, Priparat Kast. 26 B3, Probe N. 1756°. Kieselguhr is diatomite. Abhand!. refers to the original publication, Microg. to Plate 2
in the Mikrogeologie of 1854, Priiparat 10 mica preparations Case 26 folder 3. and Probe to sample number 1756 - Which is still in the collection at the Muscum. There are minor
differences between Ehrenberg’s original pencil drawings and the copper plate illustrations used in the Mikrogeologie due to the differcnce between continuous tone pencil shading
and the dot or half tone technique used by the engraver. but they do not appear to be taxonomically significant, at least in this instance.
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Figure 8. First page of a letter to Fhrenberg from Darwin. This particular letter is mostly concerned with ensuring
the return (by Ehrenberg, and also one of Ehrenberg’s German colleagues) of previously loaned information, samples
and a manuscript (Burkbardt & Smith., 1987: 130).

a reference to the Illustration collection. It is organised by major group
(Ehrenberg’s own categories, which correspond roughly to diatoms,
radiolarians, etc.), and then alphabetically by genus and species. The Taxonomic
Index, compiled late in Ehrenberg’s career, at lcast in some instances used the
taxonomy that was current at that time, not the nomenclature used in the original
publication. For example, Navicula splendida (Ehrenberg, 1838), transferred
to Surirella by Kiitzing in 1844, is found in the Taxonomic Index under
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Figure 9. A page from Ehrenberg’s Geographic Index book, listing samples from Australia. The majority of the
samples listed are still in the colfection. The right hand columns (Kasten elc.} give cross-references 1o the mica

collection of preparations.

Surirella, not the original genus Navicula. In addition to these two major
indices, Ehrenberg included several other volumes of documentation. There is
a separate, small index volume, organised by sample number, which gives the
taxonomic names for ecach preparation in the dried, mounted biological material
cases. There are also several books in which Ehrenberg attempted to track
synonymies. These are organised alphabetically by genus and specics. It is not
clear to what extent the information in these volumes has been incorporated
into the other index volumes, or into his published works. A last, more recent
addition are the documents regarding the curation of the collection by the DDR
cra curators, particularly Drs Locker and Krutzsch.
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CURATING AND USING THE EHRENBERG COLLECTION

As anyone wishing to work with the Ehrenberg Collection needs to be aware
of the specific challenges it presents, a briel outline of some of these is given
below.

Which is the holotype?

Ehrenberg frequently described taxa as new more than once, introduced new
names without identifying them as such, and sometimes described taxa without
clearly indicating that they had been previously described by others. If this
were not problematic enough, the mica and marked specimen corresponding
to a type is not directly given anywhere in the collection, but must be inferred
by cross comparison of indices, and gives a correct resuit only when the index
itself correctly gives the earliest publication of a new taxonomic name.
Unfortunately, there are enough errors in the index volumes that they cannot
be considered authoritative sources for determining which specimen is indeed
the type for a species. A complete recompilation of Ehrenberg’s publications
is needed to determine the first usage dates, such as that being undertaken for
the algal taxa by Dr. Silva of Berkeley University Herbarium, University of
California (Jahn pers. comm., 1995).

Limitations on the quality of the holotype

One major problem with the *folder and case’ storage system for micas used
by Ehrenberg is that, with the passage of time, some of the micas have come
loose from their paper strip mounting, and have slipped down into the fold of
the folder. These micas are hard to identify, and extremely vulnerable to
breakage. To solve this problem, the curators at the MfN have prepared new
trays to hold the folders in a flat, opened position, thus eliminating the slippage
and breakage problems due to storing the folders in cases. All folders in the
collection are now being transferred to such trays.

The micas, however, are so small and fragile, and the Canada balsam has
become so brittle, that it is difficult to safely handle them or to mount them
for examination on a modern research microscope. Also, the irregular, often
somewhat mattered surface to the layer of balsam, together with numerous
cracks developed during the ageing process, combine to create so many optical
problems that it is difficult to image the specimens properly. To deal with this
will require some sort of ‘remounting’ of the micas identified as being in need
of re-examination. Even so, SEM imaging, particularly important for the
diatoms, can only be done for specimens prepared from the sample material,
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as attempting to extract type material from the Canada balsam mounts would
not be possible without great risk of damage to or loss of the specimen.

Which type of type?

This leads to an important consideration for the taxonomic researcher using
the Ehrenberg Collection. Because the preparations may not show all the details
one would wish for, one might be tempted to (in cssence) ignore the type
specimen’s existence, and declare a new isotype from the sample material,
should a sample be available. The use of isotypes, or for that matter multiple
type specimens (allowed under the Botanical Code), may be reasonable for
living material where one knows that the sample was drawn from a single
living population. It is not as appropriate for the fossil or even subfossil material
that comprises most of the Ehrenberg Collection. Microfossil specimens in the
same sample can casily be up to several thousand years different in actual age,
and belong not only to different populations, but even to different species.
Although the age differentials are not so extreme in subfossil material (e.g.
soil samples), the same problem of mixed populations is still present. One
could never stabilise the name this way, as one could never be sure that one
had correctly matched specimens found in newly prepared samples to the type
specimen from the same sample.

It is therefore recommended that, for non living original material, the sample
material be used only for the erection of epitypes - a ‘supporting’ type for the
holotype —and then only when the holotype is ‘ambiguous’, ¢.g. key characters
are not preserved, or not visible in the mica preparation. This will be particularly
important for diatoms where characters need to be examined under the SEM,
although, given the mixed population problem above, an epitype of non-living
sample material cannot definitively stabilise the taxon name. As radiolarians
are generally much larger than diatoms, most taxonomically significant
characters in radiolarians will probably be visible in the relatively low
magnification transmitted light images Ehrenberg’s preparations allow, and the
use of secondary types will hopefully not be often needed. In general,
determining the ‘best’ material to use for types will be an important task for
those using the Ehrenberg Collection — see also Jahn (1995).

Basic restoration work

All of the above comments on using the Ehrenberg Collection assume that
the collection is casily accessible. In fact, there are many major curation tasks
that must be first completed before the collection is properly available for
renewed research. These include: creating a custom collections database to
provide a full inventory and index for rapidly accessing the materials;
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remounting the type-containing preparations (assuming that they have been
identified) so that modern microscope images can be safely obtained; and
securing additional supplemental resources needed to effectively use the
collection, including literature and collections of modern reference material.
Restoration of microscope equipment and lab facilities is also needed.
Preserving the unique and irreplaceable paper documents and indices is an
urgent problem, as with increasing age they are becoming more fragile, and
should not be handled on a daily basis. Scanning and the creation of working
copies from the scanned document images is a possible solution. Work on these
problems has begun, but will take many years to complete. Researchers wishing
to use the collection are advised to first contact the curator to ensure that their
use of the Ehrenberg Collection can be made as easy as possible.
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