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Abstract Since there are a few reports on historical reviews of Ehrenberg’s studies for polycystine
radiolarians, his studies are reviewed herein. Christian Gottfried Ehrenberg (1795-1876) published 41
papers concerning polycystine radiolarians. He described 72 genera and 501 species in his life. I list
the type species of 134 genera whose type species are selected from Ehrenberg’s species, and summa-
rize taxonomic issues for these genera.
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Introduction

Since the first fossil polycystine radiolarians were described from Caltanisetta, Oran and
Zante by Ehrenberg (1839), more than 10,000 species have been described over the last 170 years
(Suzuki and Aita, submitted). Christian Gottfried Ehrenberg (1795-1876) published 41 papers
regarding polycystine radiolarians in the modern sense from 1839 to 1876 (Lazarus and Suzuki,
2009). A total number of 528 polycystine species were found from Recent sea-bottom sediments,
Neogene on-land samples and upper Paleogene Barbados samples, and 486 of them are still taxo-
nomically available names (Ogane et al., 2009; Suzuki et al., 2009). Many of Ehrenberg’s species
have been used in the subsequent literature as age-diagnostic or paleoceanographic markers.
Many of these subsequent papers cited Ehrenberg’s papers with incorrect titles, conflicting pages
ranges, inaccurate journal names and even to nonexistent descriptions, presumably due to repeat-
ed indirect citation without directly checking the sources, which were until recently not readily
obtainable. As described in Lazarus and Suzuki (2009 in this volume) the correct titles, dates and
content of Ehrenberg’s publications are now readily available, and are used in this paper through-
out.

Ehrenberg’s radiolarian studies largely relied on samples which other scientists and explorers
sent to him. His primary research goals were to reveal the diversity of ‘Infusoria’, including poly-
cystine radiolarians, and by comparing assemblages worldwide, to document the geographical
distributions of Infusoria, and to attempt, albeit from bottom sediments, to infer their vertical dis-
tribution in the water column (e.g. Cole, 1926). His early work focused on description of new
species from many localities, which were summarized in his monograph Mikrogeologie Ehren-
berg (1854c) and its supplement published in 1856. Radiolarian studies by Ehrenberg are thus
part of this broader research context.
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Historical review of the radiolarian studies

The first publication regarding polycystine radiolarians (Fig. 1) in the current sense is Ehren-
berg (1839). This work was presented earlier orally in the Prussian Academy of Sciences
(“Akademie der Wissenschaften), Berlin, on 20th December, 1838, and was formally distributed
as publication in 1839 (Lazarus & Suzuki, 2009). He described four genera and 9 radiolarian
species from Caltanisetta (Sicily), Oran (Africa) and Zante of John Island (pullout table in Ehren-
berg, 1839). He proposed the “family Polycystina” as a member of the higher (also from Ehren-
berg) taxon Polygastrica (p. 128 in Ehrenberg, 1839). Polycystina included Lithocampe, Cor-
nutella, Haliomma. In this paper, a diatom, Coscinodiscus, and a silicoflagellate, Dictyocha, were
regarded as members of Polycystina. The remaining genus, Flustrella, was considered to belong
to Ehrenberg's higher taxon Polythalamia. Polygastrica was defined by presence of many stom-
achs in an individual whereas Polythamalia by presence of many chambers which can live indi-
viduals in each “chamber”. Although 9 radiolarian species were described, only one specimen,
named Lithocampe radiculata, was illustrated in this paper.

Ehrenberg (1840) described 274 Polygastrica species, and of these, 10 species belong to
Polycystina in the current scheme. In this paper, all the Polycystina which were described at that
time were noted. The four new species were newly described from Greece (‘E marga Graeciae’ in
the original spelling). In this paper, Flustrella was first moved to Polygastrica from Polythalamia
because these forms were noted to have a siliceous test (p. 210 in Ehrenberg, 1840). It is note-
worthy that Ehrenberg (1840) described “FLUSTRELLA spiralis=Flustrella concentrica Kr. B.
1838. p. 76. ex parte spirali.” This is interpreted in this paper that the specimen which was identi-
fied as F concentrica on page 76 of Ehrenberg (1839) was now transferred to a new species, F
spiralis. Ehrenberg (1840) also described Haliomma ovatum as a new species. The genus
Haliomma was first described by Ehrenberg (1839) and included two species Haliomma crena-
tum and Haliomma medusa, and consequently, Haliomma species could be presumed to belong
to Polycystina. However, Haliomma ovatum is now considered to be a siliceous sponge spicule.
Similar to H. ovatum, Ehrenberg (1841) described Haliomma (?) radians as a new species from
the North Sea (Atlantic) “Nordsee bei Cuxhaven”, but this species belongs to siliceous sponge

Die unsichtbaven polythalamischen Kalithierchen

L_IX der Hreide X_ XU des Hreidemergels
bei 300 maligen Ve'rymj/.‘m-w des  Durchmessers .

Fig. 1. The first illustrated fossil polycystine radiolarian specimen in the history, from Ehrenberg (1839).
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spicules, too. Ehrenberg (1842) introduced 39 new organisms from Aegina but he did not publish
any definitions for these species. Two new species: Lithobotrys cribrosa and Cornutella Litho-
campe would presumably be polycystine radiolarians in current taxonomy, but they are apparent-
ly nomen nudum. Although Ehrenberg (1842) did not describe new species, he first noted that his
organisms were routinely illustrated by him, and at a magnitude of 300X (1842, p. 265).

In the 1844 issues of the Prussian Academy of Sciences Proceedings journal “Bericht iiber
die zur Bekanntmachung geeigneten Verhandlungen der Koniglich Preufischen Akademie der
Wissenschaften zu Berlin”, three polycystine radiolarian papers were published, on pages 57-97
(Ehrenberg, 1844a), 182-207 (Ehrenberg, 1844b) and 252-274 (Ehrenberg, 1844c). Ehrenberg
(1844a) principally compared the assemblage similarity of micro-organisms (his Infusoria)
among North America, Europe and Africa. The faunal similarity of polycystines was compared
among Oran (Africa), Caltanisetta and Aegina. Ehrenberg (1844a) also described one new genus
(Lithobotrys) and 14 new polycystine species from Caltanisetta and Aegina. This paper also in-
troduced the name Haliomma cornutum on page 64, but this species has never been formally de-
scribed. Ehrenberg (1844a) described “FLUSTRELLA bilobata=HALIOMMA Lagena 1840”
on page 81. The meaning of this assignment was not solved solely with his published references
but also with the aid of Ehrenberg’s original drawings housed in the Museum, which indicate that
the same individuals have two species names. Since ‘Haliomma lagena’ is an available name by
the description of Ehrenberg (1840), the name ‘Flustrella bilobata’ is a primary objective junior
synonym of Haliomma lagena. Ehrenberg (1844b) is the first report of polycystine radiolarians
from the Southern Ocean. The materials were collected between 1841-1843 by captain Ross, and
polycystine radiolarians were found from ‘Pancake Ice’ which was obtained at 78°10'S and
162°W. Lithobotrys (?) denticulata and Lithocampe antarctica were newly described in Ehren-
berg (1844b). The presence of Lithocampe australis was noted in page 187 of Ehrenberg
(1844b), but was not formally described in this paper. Ehrenberg (1844c) reported Infusoria from
the Bermuda Islands. Three new polycystine radiolarians (Haliomma (?) amphisiphon, H. (?) no-
bile and Lithocampe aculeata) were newly described in this paper.

Ehrenberg (1845) listed many species of Infusoria from 14 locations, including Charles Dar-
win’s samples (p. 63—66). This paper also described many new genera and new species of Infuso-
ria, and a species from ‘Westmoreland Virginiae’ was named as Lithocampe (?) stiligera.

Ehrenberg (1846) was the first paper which focused only polycystine radiolarians. Robert H.
Schomburgk donated samples from Barbados to Ehrenberg (Schomburgk, 1847), and Ehrenberg
(1846) noted that 140 species were found from Barbados samples. In Ehrenberg (1846), Poly-
cystina was divided into two groups, “Polycystina Solitaria” and “Polycystina Composita”, and
they were further subdivided into Halicalyptrina, Lithochytrina and Eucyrtidina in Solitaria while
Haliommatina, Spyridina and Lithoccylidina were created within Composita. This paper newly
described 26 genera without species (p. 385). Since the definition of these genera was depicted in
Ehrenberg (1846), these genera are considered to be formally published in this paper.

His taxonomy was revised, and new taxa were described in Ehrenberg (1847). Ehrenberg
(1847) first transferred genera in some species on pages 42—43. The list on these pages is compa-
rable to synonym list in the modern articles, but includes nine nomen nudum species. Ehrenberg
(1847) discussed the formation of siliceous tests, added a list of polycystine radiolarians for the
previously described samples (e.g. South Pole “Siidpols’), and noted 14 new species from Barba-
dos. Of these, 11 species were illustrated. Although these species were not associated with de-
scriptions, they are regarded as taxonomically available names only with illustration on the basis
of ICZN 2000. A total of 14 new genera were also newly defined in this paper.
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Ehrenberg (1854a) is the first paper to concern the vertical distribution of polycystine radio-
larians. He compared the infusorian assemblages between sediments which were recovered from
different water depths of 433, 840, 1050, 6480, 8160, 9480, 10800 and 12000 feet (Ful}), from
the ocean bottom (‘Meersgrund’). In this paper the vertical distribution of 40 polycystine radio-
larians were shown. Twenty-eight of 40 species names first appeared in Ehrenberg (1854a), but
were not formally described. All of these species were described in Ehrenberg (1854b). The type
materials of these new species are recognized as the samples from 6480, 10800, and 12000 feet.
‘Flustrella subtilis’ was stated as having been found from the sample 8460 feet on page 242, but
the actual specimen was detected from the sample from 6480 feet in our project.

The ‘Mikrogeologie’ is a milestone for Ehrenberg’s studies on Infusoria since all the Infuso-
ria previously published were summarized in this book. Ehrenberg had attached only 12 species
(Ehrenberg, 1839, 1847) but Ehrenberg (1854c) showed the illustrations of 70 polycystine radio-
larian species, including 23 new species. These illustrations are duplicated with the previously il-
lustrated 12 species, and subsequently the illustrations of 58 species were first published in
Ehrenberg (1854c).

After publishing the ‘Mikrogeologie’, Ehrenberg continued to examine the diversity of infu-
sorians in many regions. Five polycystine radiolarian species were found in an ocean bottom
sample which was taken from a water depth of 12,900 feet (Ehrenberg, 1855a), eleven species
were found from “Simbirsk” (now Ulyanovsk, a city in Russia on the Volga River) (Ehrenberg,
1855b), one “polycystine” (but now identified as a sponge spicule) from Java (Ehrenberg, 1855c¢)
and seven genera from Chile (Ehrenberg, 1856). Ehrenberg (1855b) noted four new species
names, but only one species, Eucyrtidium simbirscianum, was formally described in Ehrenberg
(1876).

The vertical distributions of polycystine radiolarians were revisited by Ehrenberg (1858).
This paper examined seafloor samples from ‘Meersgund bei Candia’ (possibly modern Crete)
and compared these with Ehrenberg (1854c). Ehrenberg (1858) published 13 new species names
which were described in Ehrenberg (1859).

A total of 79 polycystine radiolarians were found from the surface sediments (sounding sam-
pling) of the Philippine Sea (18°03'N, 129°11'E) (Ehrenberg, 1861a). Although Ehrenberg
(1861a) included 48 nomen nudum species, this paper is of particular importance in providing
data with the number of individuals for each species. Vertical distributions of Infusoria were still
of interest for Ehrenberg. Ehrenberg (1861b) listed the vertical distributions of 69 polycystine ra-
diolarians from California Ocean, while Ehrenberg (1862a) showed the distributions of four
polycystine radiolarians from the Gulf of Mexico, near Florida. Ehrenberg (1861a, 1861b, 1862a)
listed many new species, but these papers included neither illustrations nor descriptions. The def-
inition of 22 genera was only depicted in Ehrenberg (1861b).

The significant observation that polycystine radiolarians live in similar oceanographic condi-
tions at the species level was first noted in Ehrenberg (1862b). Ehrenberg (1862b) examined 8
sea-bottom samples which were collected during a preliminary survey for the construction of
telegraph lines. He also summarized the vertical distributions of Infusoria based on the water
depths of the sea-floor, and he identified seven species which were found in Kamchatka by Bailey
(1856). These seven species were Cadium marinum Bailey, Botryocampe inflata (Bailey), Car-
pocanium cornutum (Bailey), Cornutella annulata Bailey, Eucyrtidium cuspidatum Bailey,
Eucyrtidium hyperboreum Bailey and Eucyrtidium tumidulum Bailey, which were considered as
arctic species. Ehrenberg (1862b) formally described 27 new species and variations. The type lo-
calities of these new species are now specified on page 819-820 in Ehrenberg (1861b) for ‘Cali-
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fornico’ (=California Ocean) and page 224-225 in Ehrenberg (1862a) for Mexicano’ (=Gulf of
Mexico, near Florida), and page 276 in Ehrenberg (1862b) for “Groenland” (=Davis strait), re-
spectively.

After 1862, Ehrenberg did not publish papers on polycystine radiolarians until 1873. Ehren-
berg (1873a) did not examine any new materials. Instead, he summarized his studies since 1836
and described 249 infusorians, including 109 new polycystine radiolarians from ‘Zanguebarica
13200°, ‘Insulam Milonem 1440°, ‘Philippine Ocean 19800°, ‘California Ocean 15600, ‘Camor-
ta Nicobarica’, ‘Florida 9066°, ‘Atlantic Ocean 9540°, and ‘Atlantic Ocean 9780’ He counted a
total of 287 polycystines that were described by his studies excepting Barbados. The illustrations
of some of these species were shown in Ehrenberg (1873b).

Ehrenberg (1873b) is a comprehensive monograph of his studies on marine micro-organisms.
The earlier part of Ehrenberg (1873b) summarized the assemblages examined after Ehrenberg
(1854c). The examined samples were mainly collected from the sea-floor. The middle part of the
paper are summary cross tables (Fig. 5) between geographic zones and water depths of 1924 or-
ganisms (605 Polythalamia, 656 Polygastina, 279 Polycystina, 219 Phytolitharia, 56 Geolithia, 39
Zoolitharia, 51 Molluska, 1 Annulata, 2 Entomostraca, 6 Radiata, 1 Anthozoa, and 9 Bryozoa).
Ehrenberg (1873b) listed 279 polycystine radiolarian species, but not all of them are taxonomi-
cally available species because he marked 44 species without descriptions in these tables. These
summary tables are also very useful because the first description and the illustrated papers were
given in these tables. This list shows that the highest diversity was recorded in the tropical zone
and the diversity increases in deeper waters, although this latter estimation is not based on any di-
rect water column data. The later part of Ehrenberg (1873b) discussed various aspects of his data.
Remarks on polycystine radiolarians are given from page 339 to 346. Based on his observations,
Ehrenberg (1873b) criticized the observations of living polycystine radiolarians by J. Miiller and
Haeckel in Messina (e.g. Miiller, 1858; Haeckel, 1862). On page 344, Ehrenberg comments that
their conclusions were prematurely derived from local phenomena and their claim of rich radio-
larians in the surface water is contradicted his compiled data that radiolarians increased in diver-
sity toward deeper waters. Ehrenberg has not used the term “Radiolaria” instead of Polycystina in
that Polycystina has a priority (page 345 in Ehrenberg, 1873b). Ehrenberg (1873b) concluded
that Polycystina are closely related to Echinodermata based on a similar degree of complexity.

Another of Ehrenberg’s monographic works on polycystine radiolarians are his studies of ra-
diolarians from Barbados. Brief notes and illustrations were already published in Ehrenberg
(1846, 1847, 1854c), but only a few species were formally described and illustrated in these pub-
lications. Ehrenberg (1874) comprehensively described 265 species from Barbados samples. All
the genera used in Ehrenberg (1874) were previously published in Ehrenberg (1847, p. 53). Ac-
cording to the final paragraphs of this paper (p. 263), almost all the names in this paper and origi-
nal drawings were already prepared before publication of his 1846 and 1847 papers. Ehrenberg
(1874), however, has no illustrations.

Ehrenberg (1876) illustrated 85 specimens of 81 polycystine radiolarian species from Barba-
dos, including 14 species (3 nomen nudum species). Ehrenberg (1876) gives an occurrence list of
fossil polycystine radiolarians from Barbados samples (coded as 1, 3, 14, 15, 16, 25, 26, 30, 43,
51, 59, 60, 74, 81, 94 and 95) and detailed information for these samples. Ehrenberg (1876) also
described occurrences from Nicobarica (p. 116—120), and discussed the systematic classification
of his Polycystine from page 151 to 157. Ehrenberg (1876) introduced the division of Spumellar-
ia and Nassellaria on p. 156, and summarized the classification of all genera which were pro-
posed by himself. This summary table excluded any genera which were proposed by other au-
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thors (Meyen, 1834; Huxley, 1851; Claparede, 1856; Miiller, 1857, 1858; Haeckel, 1860a, 1860b,
1862). Ehrenberg (1876) principally is a comprehensive summary monograph of his fossil stud-
ies through his life. Ehrenberg (1876) compiled the worldwide occurrences of more than a thou-
sand micro-organisms with geological ages and regions. A total of 326 polycystine radiolarians
were listed as fossils in this paper (p. 65-85) from Barbados, Bermuda, ‘Java, Nicobarien.
Scheduba’, the southern States of North America (‘Siid-Staaten North America’), Greece
(Griechenland), Italey (Italien), Russia (RuBlland), South America (Siid-America), and the south-
western coast of South Africa (‘Oran. Saldanha-Bay. Agulhas-Bank’). Ehrenberg (1876) was
probably the first paper to list the geological distributions of polycystine radiolarians, but his re-
sults are not usable any longer because the geological time scale used in Ehrenberg (1876) was
only divided it into Primary, Secondary, Tertiary and Quaternary, and thus all the fossil polycys-
tine radiolarians were classified into the ‘Tertiary” period.

Type species using Ehrenberg’s species

Since the concept of type species for a genus did not become common in the 19th century,
Ehrenberg himself did not designate any type species for his genera. A total of 131 species, in-
cluding 6 nomen nudum species, have been selected, mostly by subsequent designation by vari-
ous later authors, as the type species of 134 genera. These are summarized in Table 1. The incon-
sistent numbers between species and genus are caused by duplicated designation. Based on the
condition of type designation, these species can be categorized into four groups, namely, type
species (7 species), monotype (13 species), subsequent monotype (8 species) and subsequent
designation (118 species), following ICZN 2000. The definition of each term is cited below:

Type species (Glossary in ICZN 2000): The nominal species that is the name-bearing type
of a nominal genus or subgenus.

Monotypy (ICZN 2000 Art 68.3): When an author establishes a new nominal genus-group
taxon for a single taxonomic species and denotes that species by an available name,
the nominal species so named is the type species.

Subsequent monotypy (ICZN Art 69.3): If only one nominal species was first subsequent-
ly included in a nominal genus or subgenus established without included species, that
nominal species is automatically fixed as the type species, by subsequent monotypy.

Subsequent designation (ICZN 2000 Art 69.1): If an author established a nominal genus
or subgenus but did not fix its type species, the first author who subsequently desig-
nates one of the originally included nominal species validly designates the type species
of that nominal genus or subgenus (type by subsequent designation), and no later des-
ignation is valid.

As shown Table 1, Ceratospyris Ehrenberg 1846, Cycladophora Ehrenberg 1846, Dic-
tyospyris Ehrenberg 1846, Haliomma Ehrenberg 1839, Lithobotrys Ehrenberg 1844a, Lithomelis-
sa Ehrenberg 1847, Lithostrobus Biitschli 1882, Lychnocanium Ehrenberg 1846 and Spon-
gosphaera Ehrenberg 1847 have more than two type species. We don’t solve this issue in our
paper because radiolarian communities have been familiar with the current usage, even this is
wrong under ICZN 2000, rather than unfamiliar designations of type species. We only note that
the following rules in ICZN 2000 are helpful to evaluate better usage of type designation.
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Doubtfully included species (ICZN 2000 Art 67.2.5): A nominal species is deemed not to
be originally included if it was doubtfully or conditionally included.

Type fixation overlooked (ICZN 2000 Art 70.2): If it is found that an earlier type species
fixation has been overlooked, the overlooked fixation is to be accepted and any later
fixations are invalid.

Under ICZN Art 67.2.5 and Art 70.2, Cycladophora (?) davisiana Ehrenberg 1862b (type
species of the genus Cycladophora. Subsequent designation by Lombari and Lazarus, 1988) and
Lithomelissa (?) tartari Ehrenberg 1854b (the type species of the genus Lithomelissa, subsequent
designation by Campbell, 1954) need consideration. Nomen nudum species are also designated
as type species, e.g. of Cryptoprora Ehrenberg 1847, Dictyospyris Ehrenberg 1846, Dipospyris
Haeckel 1887, Disolenia Ehrenberg 1861b, Haliphormis Ehrenberg 1846 and Solenosphaera
Haeckel 1887. Except for Dictyospyris, no genus has replaced [none of these genera has been
provided with a valid] type species. This issue also needs discussion by the radiolarian communi-
ty.

A total 12 species are designated as the type species of more than two genera, but it is ac-
ceptable by the following rule in ICZN 2000.

Nominal species that are already type species (ICZN 2000, Art 67.11): The fact that a
nominal species is the type species of a nominal genus or subgenus does not prevent it
from being the type species of another. In such a case, the genus-group names are ob-
Jective synonyms of one another.

Based on the ICZN 2000 Art 67.11, the following combinations are objective synonyms. The
underlined genus is the junior objective synonym when we rigidly follow ICZN 2000.

Anthocyrtis Ehrenberg 1846 and Anthocyrtella Haeckel 1887 (type species: Anthocyrtis
mespilus Ehrenberg 1847),

Conarachnium Haeckel 1882 and Sethoconus Haeckel 1887 (type species: Eucyrtidium
trochus Ehrenberg 1873a),

Dictyocephalus Ehrenberg 1861b and Dictyocryphalus Haeckel 1887 (type species: Cor-
nutella obtusa Ehrenberg 1844a),

Eucyrtidium Ehrenberg 1846 and Eucyrtis Haeckel 1882 (type species: Lithocampe acumi-
nata Ehrenberg 1844a),

Litharachnium Haeckel 1861b and Litharachnidium Haeckel 1887 (type species: Carpoca-
nium arachnodiscus Ehrenberg 1862b),

Lithomelissa Ehrenberg 1847 and Acromelissa Haeckel 1887 (type species: Lithomelissa
microptera Ehrenberg 1854b),

Polysolenia Haeckel 1882 and Acrosphaera Haeckel 1882 (type species: Polysolenia setosa
Ehrenberg 1873a),

Sethopyramis Haeckel 1882 and Sestropyvramis Haeckel 1887 (type species: Cornutella
scalaris Ehrenberg 1874),

Spongosphaera Ehrenberg 1847 and Spongatractus Haeckel 1887 (type species: Spon-
gosphaera pachystyla Ehrenberg 1874), and

Theocorys Haeckel 1882 and Theocoronium Haeckel 1887 (type species: Eucyrtidium
turgidulum Ehrenberg 1873a),
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Furthermore, the genera Conarachnium, Eucyrtis, Spongosphaera and Theocorys have other
type species (Sethoconus rayianus Haeckel 1887 for Conarachnium by subsequent designation of
Caulet, 1971; Eucyrtis conoidea Riist 1885 for Fucyrtis by subsequent designation of Foreman,
1973b; Spongosphaera polyacantha Miller 1858 by subsequent monotype; and Theocorys
morchellula Riist 1885 by subsequent designation of Campbell 1954 and Theocorys veneris
Haeckel 1887 by subsequent designation of Strelkov and Reshetnyak 1959 for Theocorys). Type
species issues have been resolved for only a few of these genera (e.g. Spongosphaera and Eucyr-
tidium). Although we don’t fix these taxonomic issues in our paper, proper type species should be
selected in consideration of not only the precise application of ICZN 2000 but also consensus in
the radiolarian community.

Concluding remarks

Ehrenberg described a total of 72 genera and 501 species, excluding 31 nomen nudum
species in his life. He described 544 species in Ehrenberg (1873a, 1874), but it includes species
that were described by other authors. The precise number of the species described by Ehrenberg
is variably estimated in papers (530 new species in Tanimura et al/, 2006; about 500 species at p.
clxxiv in Haeckel, 1887), which is probably due to presence of nomen nudum. Ehrenberg’s con-
tribution to the study of polycystine radiolarians also include proposals for a higher classification
(e.g. Ehrenberg, 1847, 1876) and the first reports to stress their geographical and geological dis-
tributions (e.g. Ehrenberg, 1874, 1876). Ehrenberg also commented the taxonomic position of
Polycystina and probable physiological functions, but these comments were strongly criticized in
other studies (e.g. Haeckel, 1862, 1887). Haeckel (1887, page clxxiii to clxxv) summarized his
view of problems in Ehrenberg’s studies:

1. Ehrenberg ignored any contrary observations and remarks, specifically those regarding
living radiolarians.

2. Ehrenberg often changed the taxonomic of position of Polycystina between Echinoder-
ma, Bryozoa and Oscillaria.

3. Ehrenberg believed that Polycystina were multi-cellular animals and that the pores of the
siliceous test were comparable to cells, disregarding the extensive detailed observations
of living radiolarians by Haeckel, Huxley and Miiller.

4. Ehrenberg’s diagnoses for genera were inadequate.

Although Haeckel (1887) criticized Ehrenberg using rather emotional words (e.g. strange, re-
mained entirely ignorant, the invincible obstinacy, his preconceived opinion, etc.), Haeckel rec-
ognized the accuracy of Ehrenberg’s sketches (p. clxxv in Haeckel, 1887). Since the species pub-
lished by Ehrenberg have been extensively used up to the modern day, they are still important
taxonomic concepts. His simple sketches are often insufficient for modern taxonomic work, and
subsequently re-examination of the original specimens of Ehrenberg’s species is necessary.
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