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Protozoa in the Remarkable Wall Charts of Leuckart and Nitsche's Zoologische Wandtaflen

Introduction

Nearly forgotten today, wall charts were a very common teaching aid used in classes from primary school to the university level. They came into common use in the mid-1800's with the development of color lithography allowing relatively inexpensive color printing [START_REF] Bucchi | Images of Science in the Classroom: Wallcharts and Science Education 1850-1920[END_REF]. In their heyday, wall charts were touted as the best means of bringing the natural world into the classroom and essential for demonstrations of microscopic structures (Dodel-Port & Dodel-Port 1878-1883). Wall charts were slowly replaced by various projection technologies, beginning with lantern slides, slide projectors, overhead projectors and eventually PowerPoint presentations. However, early on in the decline of their use, wall charts were recognized as having qualities not found in teaching aids replacing them. Noé, in 'The Use of Charts in the Natural Sciences" pointed out that wall charts remained essential in laboratory classes allowing a student to continually compare the object under study with an illustration and that good chart illustrations, unlike photographs, emphasize important features and omit extraneous details [START_REF] Noé | The Use of Charts in the Natural Sciences[END_REF]. He singled out for mention Leuckart and Nitsche's Zoologische Wandtaflen (from here on L&NZW): "These charts are masterpieces of accuracy and scientific detail and supply inexhaustible material for laboratory study". As late as 1990, wall charts were described as still having a valid role in teaching but "...are ignominiously languishing in departments or else being callously discarded by departments going molecular" [START_REF] Schmid | Wall Charts (Wandtafeln). Remembrance of Things Past[END_REF]. A large format book on the wall charts (Redi et al. 2000) is available. Most fortunately, copies of the L&NZW are today preserved in institutional collections with websites providing online access to images of the wall charts (see the Acknowledgments). The L&NZW are remarkable for several reasons, including their attention to protozoa and here the focus is on the wall charts devoted to protozoa. It will be shown that very notable protistologists, with considerable artistic talent, were involved in producing the protozoa wall charts, today true museum pieces.

The L&NZW series was first and foremost authoritative, and for many sets of wall charts, this was not the case [START_REF] Bucchi | Images of Science in the Classroom: Wallcharts and Science Education 1850-1920[END_REF]. The instigator, and main editor of the series, Rudolph Leuckart (1822Leuckart ( -1898)), was a major figure of zoology in his time. Ernst Mayer identified him as "Germany' s most prominent zoologist between Johannes Müller and Ernst Haeckel" (Mayr 1979). A large set of zoologists, with expertise in different taxa contributed to the series with illustrations, some original, some copied from publications, as well writing the detailed texts that accompanied each wall chart. The series was aimed at an international audience with the texts for most charts given in German, French, and English. The charts were quite large, most measuring 104 by 140 cm, with two measuring 130 by 200 cm, and thus visible from the back of a classroom. Their construction was unusual. Each chart was made by gluing four large lithographs onto a canvas backing. Last, but not least, the L&NZW gave a remarkable amount of attention to protozoa both free living and parasitic. In the first series of 103 charts, ten were devoted to protozoa and they were included from the very start. The first set published, whose reception was likely judged to be of some importance, consisted of three charts: one on Rhizopods, one on Octocorals, and one on Anthrostracean Crustaceans. The L&NZW are said to have sold widely [START_REF] Abbot | Visual zoology Historic zoological wall charts found in Pavia[END_REF]) so it is likely that generations of biology students (from the late 1880's to the 1920's) were first exposed to protists through them.

First will be given brief overviews of the somewhat complicated publication history of the L&NZW, then introductions to three zoologists who acted as editors, and the three major authors of the protozoa wall charts, protistologists of considerable renown. Finally each of the ten protozoa charts will be shown and followed by a section giving the sources used by the chart authors, identifying any original artwork in the Charts, and particularities noted.

Overview of the L&NZW

In 1877 the first set of three charts was published by Theodor Fischer in Cassel and apparently, extensively marketed. Review copies of the charts were sent along with a prospectus to notable zoologists and to scientific societies. For example, a report from the San Francisco Microscopical Society stated that there was received from Germany the first of a series of wall charts and described them as "exceedingly valuable wall charts... suitable for mounting and hanging upon the walls of the society's rooms" (Anon. 1878a). An enthusiastic review of the advance copies appeared in the American Naturalist [START_REF] Anon | The San Francisco Microscopical Society[END_REF]. The following account of the prospectus sent with the sample charts is based on Alexander Agassiz's review in the American Journal of Science and Arts [START_REF] Agassiz | Zoological diagrams by Leuckart and Nitsche[END_REF]. The prospectus announced plans for a large series of wall charts, numbering from 100 to 110, to illustrate structure and development of the principle forms of animal life. The charts were to use illustrations from published monographs by experts, presented in sizes sufficient to be visible throughout a moderate sized classroom. Each chart was to be accompanied by detailed text explanations in German, French and English, including mentions of the sources for each illustration. The authorship of each chart was to be indicated with initials in the bottom right corner of the chart. The charts were not to appear in any systematic order but rather in sets with each set composed of charts dealing with different taxa. Agassiz heartedly recommended the charts based on the first three while complaining that the French and English texts were poor translations and urging employment of native speakers for the future charts! Despite the claim in the prospectus, many of the illustrations in the charts were original drawings, not from published works, and for many figures no sources were given in the figure legend texts. When sources were given in the figure legends, the references were incomplete, giving at the most the author, the year, and the abbreviation of a book or journal title and volume, with some giving only the name of the author and the year. In one instance (Chart LXXVI), a figure is said to be after Cohn in "Beiträge zur Biologie der Pflanzen, 1870" which unfortunately contains seven articles by Cohn, all with plates. Locating original figures from citations in the legend text was then not straightforward. The charts were priced at two Marks each for subscribers. In later price lists (1901), most charts were four Marks for an unmounted chart and seven Marks for a chart with dowels, ready to be hung. To put the chart prices in perspective, consider that the full three volume set of Bütschli's Protozoa in Bronn's Klassen und Ordnungen des Thier-Reichs (Bütschli 1880(Bütschli -1889) was priced at 100 Marks.

Eventually, there would be two series of charts. The first and extensive 'Series One' of 103 charts concerned almost exclusively invertebrates and was published from 1877 to 1901. The existence of last two charts of the first series, 102 and 103, has been overlooked for example in Redi et al. (2000) and the MBL/WHOI webpage dedicated to the charts (https://hdl.handle.net/1912/15969). However, wall charts 102 and 103 are listed in the publisher's list and descriptions of the L&NZW in the volume of wall chart legends along with the legends for charts 102 and 103, available through the Biodiversity Heritage Library, and available here in the supplementary files. The 'Series Two' of 13 charts concerned largely vertebrate taxa and were published from 1892 to 1900. For both series, the charts were published irregularly in terms of numbers per year. For example, in the first series, six charts were published in 1878 and 21 charts published in 1884.

The Editors of the L&NZW

Over the years, there were three editors (Fig. 1). The first series began in 1877 as edited by Rudolph Leuckart, then a renown Professor of Zoology in Leipzig, and Hinrich Nitsche, Professor of Zoology in Tharandt, and former student of Leuckart. From 1887 with Chart 51, the charts were labeled as edited by Leuckart alone. The last two charts of Series One were published in 1901, three years after Leuckart's death in 1898 as edited by Carl Chun, another former student of Leuckart, and his hand-picked successor in Leipzig. The second series was published as edited by Leuckart from 1892 to 1894 with Chart five, and then the next three charts were published as edited by Leuckart and Chun with the remainder, published in 1899 and 1900, as edited by Chun. As evidence of the value placed on the wall charts and their notoriety at the time, in obituary notices concerning Leuckart, the wall charts were often mentioned as part of Leuckart's legacy (Anon. 1898[START_REF] Anon | Rudolf Leuckart[END_REF], Groben 1898[START_REF] Hanstein | Rudolf Leuckart[END_REF]. 

The Protistologists of the L&NZW

As mentioned previously, protozoa, specifically rhizopods, were the subject of Chart three of the first series of charts published. The rhizopod chart would eventually be joined by 9 other Protozoa charts. However, Chart three was unlike the charts that would follow as it was the only protozoa chart authored by zoologists, with the text likely by Leuckart and the illustrations by Nitsche, rather than a protozoologist. The seven subsequent charts focused on protozoa were authored and illustrated by Otto Bütschli, alone or with Wladimir Schewiakoff, and the last two charts were authored and illustrated by Fritz Schaudinn (see fig. 2). All three were experts of very considerable renown in their time. All three protistologists have been acknowledged as important personalities in the development of protistlogy [START_REF] Corliss | A salute to fifty-four great microscopists of the past : a pictorial footnote to the history of protozoology. Parts I and II[END_REF][START_REF] Corliss | A salute to fifty-four great microscopists of the past : a pictorial footnote to the history of protozoology. Parts I and II[END_REF]. For details of the roles and accomplishments of Bütschli see [START_REF] Dobell | In Memoriam: Otto Bütschli (1848-1920)[END_REF], Fokin (2013), [START_REF] Hamburger | Otto Bütschli als Protozoenforscher[END_REF], [START_REF] Hartmann | Otto Bütschli und das Befruchtungs und Todproblem[END_REF]Rhumbler (1920). For details on Schewiakoff see Fokin (2000). For details on Schaudinn see [START_REF] Brown | Fritz Schaudinn: A biographical sketch[END_REF], [START_REF] Calkins | Fritz Schaudinn[END_REF], [START_REF] Hartmann | Fritz Schaudinn Arch Protistenk 7:I-X Hertwig, R. 1879. Der organismus der radiolarien[END_REF], [START_REF] Langeron | Fritz Schaudinn (1871-1906)[END_REF], Lennox Thorburn (1971), [START_REF] Mollenhauer | Founder of "Archiv für Protistenkunde": Fritz Schaudinn -his unfinished life[END_REF], [START_REF] Prowazek | Fritz Schaudinns Arbeiten herausgegeben mit Unterstützung der Hamburgischen wissenschaftlichen Stiftung[END_REF]Stokes (1925). Bütschli was especially well placed to author charts on protozoa as he was working on his 3 volume Protozoa in H.G. Bronn's Klassen und Ordnungen des Thier-Reich published first in installments from 1880 to 1889 (Bütschli 1880(Bütschli -1882(Bütschli , 1883(Bütschli -1887(Bütschli , 1887(Bütschli -1889)). It was his "monumental monograph" and for many years "the Bible of the Protozoologist" according to [START_REF] Dobell | In Memoriam: Otto Bütschli (1848-1920)[END_REF] Schaudinn was an ideal author for the Haemosporida and Coccidia charts as he was at that time working on the life cycle of what would come to be known as Plasmodium. A few years later, Schaudinn would found the first journal of protistology, Archiv für Protistenkunde. He died young, at age 34, from complications resulting from his selfinfection with Entamoeba years earlier when he was studying Amoebiasis [START_REF] Brown | Fritz Schaudinn: A biographical sketch[END_REF].

The "exhibition" of the protozoa in the L&NZW that follows will present the remarkable artwork of protistologists and thus provides a glimpse into how protozoology was taught. The ten protozoa wall charts will be shown as Figures 3 to 13 with only the title and number to allow each wall chart to be set at full page width. Following the presentations of the charts, is a section consisting of a short descriptive text for each chart giving the diverse sources of the illustrations, notations of any original artwork, peculiarities, and the name of the supplementary file consisting of the original text legends for the wall chart.

In the notes, no attempt is made to provide currently recognized names of the taxa or structures depicted in the charts. This is primarily because it requires expert knowledge of all the diverse taxa as well as their anatomies, and my expertise does not extend beyond tintinnid ciliates. Secondarily, taxonomic histories can be quite complicated, with many "also known as". For example, in the legend text for Chart 67 (supplemental file "Chart67_text') the name given the empty tintinnid lorica is the one given by Haeckel in his original description, Dictyocysta tiara (Haeckel 1873). However, Haeckel's 'species' was later taken by Brandt to be a variant of Dictyocysta templum (Brandt 1906(Brandt -1907)). [START_REF] Kofoid | Notes on the Tintinnoina 1. On the probable origin of Dictyocysta tiara Heckel. 2. On Petalotricha entzi sp[END_REF] described it as most likely a deformed lorica of Dicytocysta lepida as he found similar specimens in poorly sealed, partially evaporated, formalin-fixed samples. 1879). Full original figure legends (in German, French, and English) are in the supplemental file "Chart29_text'.

Figure 6

Chart LXV: "Infusoria, Ciliata" was published in 1891. The chart was the work of both Wladimir Schewiakoff as indicated by 'SW' in the left bottom corner and Otto Bütschli by 'OB' in the right bottom corner. The sources were unusually diverse: not given (chart fig. 1), original drawings (chart figs. 2, 5, 7, 8 & 10a), previously unpublished drawing by the late Lieberkühn (chart fig. 3), after Stein 1854 (chart figs. 4, 10 & 11), after Balbiani 1861 (chart fig. 6), and after Butschli 1876 (chart fig. 9). The chart differs from the previous protozoa chart in that individual structures are not indicated with letters. However, the text legend included a schematic diagram of the chart with many structures indicated with letters and explained in the text. Full original figure legends (in German, French, and English), signed "O. Bütschli and W. Schewiakoff, are in the supplemental file "Chart65_text'. 

Figure 11

Chart CII: "Sporozoa, Haemoporidia" was described as the "Malaria Chart" in Prowazek's Schaudinn bibliography [START_REF] Prowazek | Fritz Schaudinns Arbeiten herausgegeben mit Unterstützung der Hamburgischen wissenschaftlichen Stiftung[END_REF]. The chart was published in 1901. It was one of the two last charts in the first series, both were larger in size than the previous charts, priced at double the price, and published after a lapse of 9 years. These attributes likely explain the rarity of the Charts 102 and 103. Chart 102 showed the life cycle stages of Plasmodium (as known then) in figures 1 through 16 and the vector/host Anopheles claviger adult (figs. 17), larval stage (fig. 19) and infected larvae (figs. 20-22). All of the illustrations were copied from the plates in Grassi 1901, described as a beautiful classic monograph accurately summarizing the state of knowledge in 1900 [START_REF] Cox | History of the discovery of the malaria parasites and their vectors[END_REF]. For a nice account of the full complicated story of malaria see [START_REF] Cox | History of the discovery of the malaria parasites and their vectors[END_REF]. The chart did not include author initials but the text (in German only) was signed F. Schaudinnn. The figure legends are in supplemental files "Chart102_text".

Figure 12

Chart CIII: "Sporozoa, Coccidia" was published in 1901 along with Chart 102 and was listed as the "Coccidian Chart" in Prowazek's Schaudinn bibliography [START_REF] Prowazek | Fritz Schaudinns Arbeiten herausgegeben mit Unterstützung der Hamburgischen wissenschaftlichen Stiftung[END_REF]. The top half of the chart is taken up with life cycle stages of Coccidium schuberg, a parasite of a centipede. The 13 illustrations are a subset of the 23 stages shown in a plate in Schaudinn 1900. The lower series of figures, 14 to 18 shows micro and microgametes of another parasite, Adelea ovata also found in a centipede, re-drawn from Schaudinn and Seidlecki 1897 and Seidlecki 1899. The bottom figures 19 shows Coccidium oviformis in a section of a rabbit liver, re-drawn from Balbiani and Pelletan 1884 (pg. 84) and a section of the liver of a snail showing various stages of the parasite Klossia helicina (plate 3, fig. 1). Like Chart 102, it did not include author initials but the text (in German only) was signed F. Schaudinnn. The figure legends are in supplemental files "C103_text".

Concluding Remarks

The protozoa wall charts of the L&NZW are wonderful snapshots of protistology in the late 19th century. As with all sets of snapshots, they provide only a partial image. Nonetheless, the 10 charts included a large range of taxa and used illustrations from dozens of authors. They serve as examples of the considerable artistic abilities and sensibilities of 19th century protistologists. Not conveyed in the images of the wall charts is the effect of the sheer actual size of the charts, an appreciation of which may be aided through Fig. 13 below, showing Chart XXIX of the Radiolaria. Imagine standing in front of a detailed illustration of the fine structures, 50 cm tall, of an organism (100 µm in actual diameter), and being able to consult it close-up during a laboratory session, and then returning to your microscope. Protistology might find more recruits if large, high quality, attractive wall charts were to find their way back onto the walls of laboratory classes! 
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 1 Figure 1. The three 'editors' of The Zoologische Wandtaflen, published from 1877 to 1901. From left to right: Rudolph Leuckart (1823-1898), Hinrich Nitsche (1845-1902), and Carl Chun (1853-1914). Both Nitsche and Chun were former students of Leuckart and both were credited as author/illustrators of several charts with their initials appearing in the lower right corner.

Figure 2 .

 2 Figure 2. The three protistologists of the Zoologische Wandtaflen. From left to right: Otto Bütschli (1848-1920), Wladimir Schewiakoff (1859-1930), and Fritz Schaudinn (1871-1906). Bütchli briefly worked for Leuckart and later Schewiakoff worked with Bütschli.

  . Bütschli was responsible for most of the protozoa charts. He was sole author and illustrator for Chart 23 on Gregarines and Chart 29 on Radiolorians, both published in 1884. Bütschli and Schewiakoff co-signed five other Protozoa charts: three charts on ciliates (Chart 65, Chart 67, Chart 68) published in 1891, and the two charts on flagellates (Chart 75, Chart 76) published in 1892. The last charts published in the Series One were two charts on parasitic protozoa by Schaudinn. They were Chart 102 on Haemosporida, now known as trypanosomes of malaria and Chart 103 on Coccidia. They appeared in 1901 and were distinct from the other charts in both size and price. They measured 130 by 200 cm whereas the preceding charts were 104 by 140 cm, and were priced at 14 Marks compared to seven Marks for the other charts.
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 3 Figure 3. Chart III "Rhizopoda, Thalomorphora"
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 45678 Figure 4. Chart XXIII: "Sporozoa, Gregarinida"

Figure 4

 4 Figure 4Chart XXIII: "Sporozoa, Gregarinida" was published in 1884. 'OB' in the corner indicates that the chart artwork was by Otto Bütschli. The figure legend text was signed by Bütschli, and unlike most chart texts, included a schematic sketch of the chart. Most of the figures are stated to be 'after Aimé Schneider' from Schneider 1875, on gregarines from the invertebrates of Paris and Roscoff. Full original figure legends (in German, French, and English) are in the supplemental file "Chart23_text'

Figure 7

 7 Figure 7 Chart LXVII: "Infusoria, Ciliata", was published in 1891. The chart was the work of both Wladimir Schewiakoff as indicated by 'SW' in the left bottom corner and Otto Bütschli by 'OB' in the right bottom corner. The figure legends text gave no sources the illustrations but two appear in volume 3 of Bütschli's monograph with original sources indicated. Chart fig. 1, the tintinnid ciliate, is from Entz (1884), chart fig. 2, the empty tintinnid lorica is from Haeckel (1873). Like the Chart LXV, individual structures are not indicated with letters. However, the text legend included a schematic diagram of the chart with many structures indicated with letters and explained in the text. Full original figure

Figure 8

 8 Figure 8 Chart LXVIII: "Infusoria, Suctoria" was published in 1891. The chart was the work of both Wladimir Schewiakoff as indicated by 'SW' in the left bottom corner and Otto Bütschli by 'OB' in the right bottom corner. The chart legends text gave Cienkowsky 1855 as the source for chart fig. 1 and 2, Maupas 1876 for chart figs. 3, 11, and 12. Bütschli 1876 is given as the source for chart fig. 4 and 5 and Hertwig 1876 for fig. 6 -8. Bütschli 1877 is given as the source for chart fig. 9. Chart fig. 10 is said to be after a design by Claparède and Lachmann (1868) but is a faithful copy of their fig. 13 in plate 2 of part 3. Chart figs. 11 and 12 are said to be after Maupas 1876. Chart fig. 12 is not credited and fig. 13 is after Stein 1859. As in the preceding chart, individual structures are not indicated with letters on the chart but the text legend included a full page schematic diagram of the chart with many structures indicated with letters and explained in the text. Full original figure legends (in German, French, and English), signed "O. Bütschli and W. Schewiakoff, are in the supplemental file "Chart68_text'.

Figure 9

 9 Figure 9Chart LXXV "Mastigophora, Flagellata and Choanoflagellata", was published in 1892. The chart was the work of both Wladimir Schewiakoff as indicated by 'SW' in the left bottom corner and Otto Bütschli by 'OB' in the right bottom corner. A very wide diversity of forms, free living, parasitic, and colonial were included: an amoeboflagellate (chart fig.1), Oikomonas (chart fig. 2), Euglena, Cryptomonas (chart figs. 16, 11), Trichomonas (chart fig. 8), choanoflagellates (chart figs. 15, 19) Haematococcus Bütschlii (chart figs. 10a -10c) named forBütschli by Blochmann (1886). Several figures in the chart were drawn from Bütschli's and Schewiakoff's own works (i.e. Butschli 1878, Grassi and Schewiakoff 1887-1888), from[START_REF] Künstler | Sur la structure des flagllés[END_REF], and the many from the flagellate monograph of Stein[START_REF] Stein | Der Organismus der Infusionsthiere I. Abtheilung. Allgemeiner theil und naturgeschichte der hypotrichen infusionthiere[END_REF]. Full original figure legends (in German, French, and English), signed "O. Bütschli and W. Schewiakoff, are in the supplemental file "Chart75_text'.

Figure 10

 10 Figure 10 Chart LXXVI "Mastigophora, Flagellata, Dinoflagellata, Cystoflagellata", was published in 1892. The chart was the work of both Wladimir Schewiakoff as indicated by 'SW' in the left bottom corner and Otto Bütschli by 'OB' in the right bottom corner. The chart is dominated by Volvox, center top, from Cohn 1870 and Noctiluca, center top, from Butschli 1885. In accordance with the opinion that there is always a mistake in the references, the Volvox images are given as after Stein 1883 and Cohn 1870. However, the Stein volume containing illustrations of Volvox is Stein 1878, not 1883, and the figures 1-3 in the chart are actually copies of the illustrations in Cohn 1870. The center illustration of Glenodinium is also from Butschli 1885. The two illustrations of Ceratium hirudinella, center left side, are interesting composites of external morphologies from Bergh 1882, and nuclear morphologies from Blanc 1885. Chart figure 6 is a dividing cell and chart figure 7 is the ventral view of a vegetative cell. A chain of six Ceratium furca cells shown in chart figure 9 was from Pouchet 1883, and was an odd choice as such formations are rare and the individuals shown have unusual morphologies. Noctiluca receives the greatest attention in the chart. Besides the two large figures in the center bottom and right, chart figs. 14-16 from Robin 1878 show stages of sexual reproduction

Figure 13 .

 13 Figure 13. Chart XXIX with a desk chair showing the relative size of the LNZW wall charts (left panel) and the details visible in the center bottom illustration of the radiolarian Actinomma asteracanthion, 50 cm tall in the chart (right panel). The outer layer of the skeleton of A. asteracanthion actually measures about 100 µm in diameter. Thus, it is shown in the wall chart at about 5,000 times actual size.
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