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Abstract

Meunier's 1910 "Microplankton des Mers de Barents et de Kara" was the first
monographic treatment of protists of the arctic plankton, and it contained many
descriptions of new species of a variety of taxa. Among the most conspicuous was the
ciliate Didinium Garantua, named with a capital G, corresponding with the title
character, the gluttonous giant, of Rabelais' 1534 novel, Gargantua, a classic of French
literature. Meunier described D. gargantua at length in the text as a large voracious
predator, and devoted many figures to it. As of today, it has been reported from a
surprising diversity of marine and estuarine ecosystems, for example, from Antarctic
sea-ice, to the Gulf of Mexico, the Chesapeake Bay, and the Caspian Sea. However, most
reports concern specimens of sizes considerably smaller than most of those depicted by
Meunier, and cite no taxonomic authorities for ciliate identifications, suggesting that
many researchers may be unfamiliar Meunier's 1910 monograph, thus with the
'gargantuan’ nature of his D. gargantua. Here, a brief biography of Meunier is given first,
followed by a description of his 1910 monograph, and then a summary of his text, and
some of his remarkable figures of D. gargantua are presented. Finally, subsequent
reports of the occurrence of D. gargantua are reviewed, and it is suggested that many
concern a species distinct from D. gargantua, as there are large differences in size and
shapes compared to Meunier's species.
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1. Introduction

Most of us are familiar with the adjective "gargantuan”, typically defined as meaning
gigantic (e.g., Anon. 1999, Merriam-Webster's School Dictionary). However, many of us
are perhaps not familiar with origin of the word, its derivation from the title character of
Francgois Rabelais' novel of 1534, Gargantua (e.g., Tulloch 1995, The Oxford Dictionary &
Thesaurus). In the novel, Gargantua is not only of enormous size but also of enormous
appetite, a voracious, gluttonous giant (fig. 1). There are actually many species named
"gargantua”. The World Registry of Marine Species (WoRMS 2025) lists 17 species and
the "Global Biodiversity Information Facility" (GBIF) that includes freshwater and
terrestrial species, lists 36 species. These include isopods, fish, echinoderms, insects,
orchids, mollusks, etc. Alphonse Meunier appears to have been the first to name a
protistan taxon with his Didinium Gargantua (Meunier 1910). It will be shown here that
he depicted it as not only large, but also as voracious predator. It was followed by the
description of a dinoflagellate Peridinium gargantua, described as capable of ingesting
prey larger than itself (Biecheler 1936). Subsequently, a protist taxon named 'gargantua’



was described without reference to feeding habits, simply as the largest known
trypanosome, Trypanosoma gargantua, exceeding the size of T. giganteum (Laird 1951).
Likewise, the fossil foraminiferid Hofkeruva gargantua was described as conspicuous
because of its size (Vella 1961), and most recently, the amoeboid flagellate Anaeramoeba
gargantua, a species roughly twice the size of its cogeners, was specifically named for
Rabelais' giant in the pages of this journal (Taborsky et al. 2017).

Fig. 2. The title page of Rabelais' novel, and an illustration of the main character. The left panel
shows the title page of the 1535 edition (Rabelais (1535) of his 1534 novel, Gargantua (Rabelais
1534). The right panel shows the voracious giant, Gargantua, being fed in one of the illustrations
by Gustave Doré in the 1873 edition of the book (Rabelais 1873).

Thus, naming a species 'gargantua’ is unusual, but it is not uncommon. However, it
appears that often the name denotes a species of exceptionally large size, without
reference to feeding habits. This is especially evident when a species description
specifically refers to the Gargantua of Rabelais only as a giant, such as in the description
of the fish Gigantactis gargantua (Bertelsen et al. 1981), the amphipod Epimeria
gargantua (d'Udekem d'Acoz and Verheye 2017) or the amoeboid flagellate
Anaeramoeba gargantua (Taborsky et al. 2017). The occurrence of Didinium gargantua
has been reported many times in the years following Meunier's description in 1910 but
without reference to unusual size, or predation on large prey items. In fact, it will be
shown here that most reports that provided a size estimate, gave a size much smaller
than those in Meunier's illustrations, and very few reports provided information on the
taxonomic authority used to identify D. gargantua. It appears then that Meunier's 1910
work, and especially his text and illustrations of D. gargantua, are not well known to
many ciliate researchers, at least to those who have reported its occurrence. This is



unfortunate as both Meunier's text and illustrations are remarkable, well deserving
recognition by modern workers.

In the following, first a brief introduction to Alphonse Meunier is provided, along with
descriptions of his protistological works, with special attention to his Microplankton des
Mers de Barents et de Kara, including its reception at the time. Meunier's lengthy text
concerning Didinium gargantua with his descriptions of its behavior, remarkably
derived from examinations of fixed specimens, is summarized, and an 'exhibition' of his
remarkable illustrations of vegetative specimens (i.e., excluding dividing, conjugating,
aberrant forms) is then given. Finally the reports of the occurrence of D. gargantua that
followed Meunier's 1910 work are reviewed, showing a frequent lack of correspondence
with his description. The opinion is put forward that many reports most likely concern
another species, one of much smaller size.

2. Alphonse Meunier (1857-1918)

From the accounts of his Meunier's life (Hegh 1920, Ladeuze 1920, Orman 1924, Fabri
2007), his final occupation as a protistologist was not easily predictable. He was born in
1857, the second of 13 children, and he first trained as priest. As a young priest, he
attended the Catholic University of Louvain, working under the direction of Jean-
Baptiste Carnoy, a well-known scientist/priest of the time. Carnoy was a cell biologist,
author of an 1880 book on microscopy, and founded the scientific journal La Cellule in
1884 (Wildeman 1956), the same year Meunier was granted the title Doctor in Natural
Sciences. Meunier's first professional position was as an instructor in mineralogy and
geology at the University, and his first publication was on fossil Bryozoans (Meunier and
Pergens 1885). He also acted as editorial secretary for Carnoy's journal in its first years
and did the engravings for some of the plates. However, Meunier soon turned to botany,
and he published substantial microscopical studies of plant tissue structures in Carnoy's
journal (e.g., Meunier 1886, 1887, 1891). He actually then became known as botanist
and acted as a regular reviewer of botanical works (Meunier 1893, 1894, 1896).
Meunier was made full professor of Botany at the Catholic University of Louvain in 1894.

Meunier's eventual turn toward protists of the marine plankton was apparently through
his friendship with Gustave Gilson, a fellow student of Carnoy (Hegh 1920). Gilson was
trained as zoologist, and like Meunier, contributed articles to Carnoy's journal, he
however, was also one of the editors. Like Meunier, he became a professor at the
University of Louvain, but as a zoologist. Gilson was also quite interested in fisheries,
oceanography, and marine biology. He was involved in the first international
oceanographic organization, the "International Council for the Exploration of the Sea"
(ICES), as the representative for Belgium when it joined the organization in 1903
(Debaisieux 1936). Subsequently, Gilson directed the cruises sampling Belgian waters
for plankton and mapping water temperature and salinity (e.g. ICES 1905). At the time,
in the ICES reports, planktonic organisms were divided into two groups: "vegetable
plankton" such as diatoms, desmids and dinoflagellates, and "animal plankton", such as
ciliates, radiolaria, crustaceans (e.g., Anon. 1906). Gilson is said to have asked Meunier
for aid in analyzing plankton samples (Hegh 1920), likely with regard to the 'vegetable'
forms. One of Gilson's students was Louis Stappers who aided him in his sampling
cruises. Stappers later was employed as the biologist in the crew of the Belgica during
the 1907 Arctic Expedition of Prince Phillipe, Duke of Orléans. It seems likely then that it



was through Gilson and Stappers that Meunier was entrusted with the analysis of
samples that were the basis for Meunier's first two publications on protists.

Meunier's first publication concerning protists was based on examination of samples of
sea ice and colored snow gathered during the Belgica expedition of 1907. He found a
variety of microorganisms, or their remains, such as dinoflagellates, diatoms, and
tintinnid ciliates (Meunier 1909). The publication, with two plates, is rarely cited. This is
likely because it appeared, not in a scientific serial or technical book, but rather
discretely as the fifth of six appendices in the popular account of expedition by the Duke
of Orléans (1919), "La Revanche de la Banquise: un été de dérive dans la Mer de Kara juin-
septembre 1907" (The Revenge of the Pack Ice: A Summer of Drifting in the Kara Sea,
June-September 1907). Meunier's second publication on protists, was "Microplankton
des Mers de Barents et de Kara"; it was based on many plankton samples gathered during
the Arctic expedition. It will be described in some detail in the following section.
Meunier's third publication on protists was a preliminary note on plankton samples
from a coastal African site (Meunier 1911). Meunier's last work on protists was a
substantial monograph, "Microplankton de la Mer Flamande". It was published in four
parts: "Le Genre Chaetoceros" (in 1913), "Les Diatomacées Suite" (in 1915), and the last
two parts appeared in 1919 after his death in early 1918. They were "Les Péridiniens",
and "Les Tintinnides et Coetera" (Meunier 1913-1919). The work was based on samples
provided to Meunier by the Natural History Museum of Belgium, likely through Gilson
who at the time headed the museum. Meunier passed away on February 19, 1918 after a
'long illness'. He began as priest, became a botanist and finished as a protistologist.
Today, Meunier's major scientific contribution is considered by some to be
"Microplankton de la Mer Flamande" (e.g. Houvenaghel) and by others to be
"Microplankton des Mers de Barents et de Kara" (e.g. Fabri 2007)

3. Meunier's Microplankton des Mers de Barents et de Kara

Meunier's 1910 monograph was an idiosyncratic publication in many ways. Physically it
was unusually large (36.5 x 44.5 cm), as were the other volumes of the 1907 expedition.
However, the format of his volume was odd, as the text volume of 355 pages was bound,
but the plates and legends were in an unbound portfolio of 111 loose pages (Fig. 2).
With regard to the subject matter, Meunier had his own definition of microplankton. He
recognized that microplankton is usually simply a size category of planktonic organisms,
typically, those organisms retained only by fine plankton nets are 'microplankton’ as
opposed to those retained by course nets considered as 'macroplankton’. In contrast,
Meunier's microplankton was not size based; it consisted solely of the "unicellular”
organisms of the plankton, regardless of size as well as distinctions of a 'plant’ or
'animal’ nature, stating that such 'lifestyle’ distinctions often lacked an actual basis. His
"microplankton” then excluded all multicellular organisms (excepting colonial forms of
unicellular organisms without cells of distinct morphologies of divisions of labor) and
bacteria. Essentially, for Meunier, the protists of the plankton constituted the
microplankton. He also distinguished his treatment as one including illustrations of not
only the new forms he discovered, but of all the forms encountered, including those
previously described. Meunier stated that his illustrations, to assure the greatest fidelity,
were made by engraving figures for the plates directly from the microscope view, rather
than the less precise procedure of engraving figures after the fact, from pencil sketches.



Meunier's engravings were reproduced in the plates by the lithographer and printer
Ferdinand Giele, of considerable renown (Devos 1956).

Fig. 2. A portrait of Alphonse Meunier and the covers of his "Microplankton des Mers de Barents
et de Kara". The undated portrait (left panel), perhaps at about age 53 in 1910 when his
monograph appeared, is from (Hegh 1920). The text was bound (center panel) but the 111 pages
of plates and figure legends, unbound, were in a portfolio, tied with a cloth band (right panel).
Images are of the author's personal copy.

Other peculiarities in Meunier's text include the fact that no details on how samples
were preserved or stored were given. He simply mentions in a few passages,
"mummification” in formol (formaldehyde solution), and stated that "various chemical
treatments”, without further details, were used on some samples to reveal microscopic
features. The text volume included tables listing the localities of plankton net sampling
and sample number, of 122 samples, as well as maps showing locations with station
numbers and the cruise track. However, the descriptions of species do not mention in
which sample they were found (with very rare exception, on pgs. 81, 96, 97, 141, 162).
In a 'final note', Meunier states that he had planned to include a table listing the most
common species and the samples in which they were found, but judged it preferable to
reserve it for a future publication that would include all the organisms of the plankton
found in various localities. Unfortunately, such a publication never appeared. Meunier's
species descriptions also omit mentions of sizes (with a single exception, pg. 75). Sizes of
organisms can only be determined by measuring the printed figure in a plate; all figures,
with rare exceptions, are said to be 500 x. A further complication with regard to using
the monograph to determine the characteristics of a given species is that for many
species, the figures appear in different plates. For example, there are many figures of
Didinium gargantua in several plates showing specimens of different sizes, and in
different states.

The taxa covered in Meunier's monograph were presented in two major informal
groups: "1. protists other than diatoms", and "2. diatoms". The first group was composed
of six major sub-groups: 1) the dinoflagellates, 2) organisms found in colored snow, 3)
cryptomonads, 4) silicoflagellates, 5) enigmatic organisms, now thought to be ciliate
cysts (see Dolan et al. 2023), 6) loricate protozoans, largely tintinnid ciliates, 7) naked,
aloricate, infusoria, 8) rhizopods including radiolarian. The text concerning the first
major group (composed of diverse taxa), in total, occupied a total of 179 pages, and 23
plates containing 786 figures. Among the sub-groups, dinoflagellates and tintinnid



ciliates were given the most attention. The second major group was the diatoms; they
were covered in 143 pages of text and 13 plates containing 688 figures. All together,
Meunier described 139 forms of various taxa as "new species"” in his monograph. Today,
according to the WoRMS database, there are 74 currently accepted species with first
descriptions attributed to Meunier 1910. The figure of about 50% of his descriptions of
new species as currently accepted is actually very respectable. In comparison, P.T. Cleve,
active from 1863-1905, described over 600 of new species of diatoms, tintinnids, etc.
and today there are but 74 currently accepted species with the first description
attributed Cleve (Dolan 2024).

The microplankton monograph appeared among the first set of biological reports from
the 1907 expedition, along with reports on mollusks and on tardigrades and was
received quite positively. The review in the American journal Science noted that the
largest part of the reports was Meunier's monograph (Dall 1905). In the German journal
Naturwissenschaftliche Rundschau, Meunier's folio volume was especially pointed out for
praise (Hanstein 1911). In the British journal Nature, a long review by Herdman also
focused on Meunier's monograph, stating " By far the most important, however, of these
memoirs is that dealing with the Microplankton by Dr. Alph. Meunier, consisting of a large
volume of text running to nearly four hundred pages and an atlas of thirty-six beautiful
plates crowded with useful figures. This report, and especially perhaps the series of fine
plates, will be of the greatest value to all planktologists working on these minute Protista."
(Herdman 1911). Evidence that Herdman's prediction was correct, concerning the value
of Meunier's monograph, can be found in citation data (Fig. 3). Since its publication 115
years ago, the monograph has been cited nearly every year. The cumulative number of
citations to Meunier 1910 (up to 2024), is 282. In recent years (2020-2024), it has been
cited in 27 articles and books concerning a variety of protist taxa.

Fig. 3. Citation data of Meunier's 1910 monograph. The left panel shows the cumulative number
of citations by year from 1910 to 2024, totaling 282 citations, based on data from Google Scholar
and citations in early literature that are poorly indexed by Google Scholar, from searches in the
Biodiversity Heritage Library. The right panel shows the recent citations (2020-2024) parsed
into the contexts, i.e., the taxonomic groups concerned in the citation to Meunier's monograph,
determined by inspection of the texts or translations of the titles of the works citing the
monograph.



4. Meunier's text on Didinium Gargantua

Meunier devoted 11 pages of text in his description of Didinium gargantua. The text (see
supplementary files for original French, and an English translation) began with
declaring it as a new species, because it is distinct from the only known species of the
genus, the freshwater D. nasutum, in its habitat of marine waters. Meunier was actually
incorrect; D. nasutum had been reported repeatedly in Finnish waters of the northern
Baltic Sea (Anon. 1906, 1908), in Kiel Bay in the southern Baltic Sea (Lohmann 1908),
and in Antarctic waters from the German Gauss Expedition (Schroder 1908).

Meunier's lengthy text on D. Gargantua followed under four headings: 'morphology of
the animal’, 'biological manifestations of the animal’, 'reproduction’, and 'conjugation’.
The section on morphology stressed its morphological variability, even with regard to
the macronucleus, with shape and sizes varying with physiological condition and
feeding activity. The major section, 'biological manifestations of the animal' was on
feeding behavior. Meunier's graphic descriptions of prey capture and engulfment are
remarkable as they are based solely on examination of fixed specimens. For example,
the text on feeding begins with the following lines:

"It is a pity that no one thought of observing this microzoan during its life to study
its habits. The observer would certainly have enjoyed witnessing dramatic scenes
whose fixed material only allows us to capture moments of action. The animal,
seemingly innocuous, with its narrow mouth in ordinary times, must in reality be a
veritable scourge for the microscopic population that nature places within its reach.
Hounded, it seems, by an insatiable appetite, it attacks everything within its reach,
even its own kind. Armed with oral trichocysts, which it probably uses like
poisonous arrows, it pierces its victim and paralyzes it; then, opening a mouth
whose extension has almost no limits, it sucks its prey, as it were, into a nassiform
pharynx that ends in a dilatable sarcodial vacuole, where it eventually passes,
regardless of its volume, often greater than that of the aggressor. The attack likely
begins with a rocket-like projection of the buccal trichocysts. This projection is
accompanied by a narrowing of the oral pole, a narrowing that is undoubtedly
violent and sudden and itself causes the projection.”

Meunier gives ten descriptions of prey capture and ingestion. Not surprisingly perhaps,
the listings of Meunier's monograph in The Zoological Record of 1910 refer, not only to
his species descriptions, but includes one listing under the topic heading "Ethology", in
the section on protozoa, with the mention "Mode of life and habits of Didinium
gargantua sp. n." (Woodcock 1911). The sections following 'biological manifestations'
on reproduction and conjugation are relatively brief. Meunier noted that obviously
dividing cells were absent from the samples, even in those with abundant populations of
D. gargantua, with a single exception. He mentioned that sample no. 48 contained the
specimen shown in plate 23, thereby giving the location and date (71°58'N, 55°49'E; 23
July 1907, in the southern Kara Sea) for at least one sample containing D. gargantua!
Meunier's text on conjugation described pairs of relatively small size, joined at the
mouth and designated illustrations of small specimens with deformed mouth regions as
likely recent post-conjugation cells. Oddly, Meunier made no reference in his text on D.
gargantua to Balbiani's classic study on D. nasutum (Balbiani 1873) that covered the
same topics as Meunier's text.



5. Meunier's Illustrations of Didinium Garantua

The following section is an "exhibition" of Meunier's illustrations of Didinium gargantua
focusing on his depictions of vegetative specimens. Excluded then are illustrations of a
cell in division, conjugating pairs, post-conjugation cells, and aberrant forms. This
limitation is in the interest of presenting illustrations of forms most likely to be
encountered in future studies, and diminishing the length of this review. However, the
six plates containing all 31 of the illustrations of D. gargantua, along with the plate
legends, are given in the Supplementary Files. Shown here are the illustrations of
vegetative specimens, with original notations, extracted from the plates and re-arranged
to conserve space. The actual sizes of the specimens shown, determined from the size of
the printed figure, are given in Table 1.

Table 1. Dimensions of Didinium gargantua. The actual longest dimension (length, L) of
Didinium gargantua in Meunier's illustrations of vegetative specimens (i.e., excluding
conjugating, dividing, aberrant cells), all shown here in figs. 4-8, based on the sizes of the printed
figures, measured to the nearest mm, and the stated magnification of the figures (500x). The
calculated actual sizes ranged from 154 to 82 pm and averaged 119.3 + 21.0 um (n = 21).

length of calculated size of

plate # figure # | specimen (cm) specimen (um)
15 8 4.7 94
15 9 7.5 150
15 10 7.2 144
15 11 5.5 110
15 12 5.0 100
15 14 7.4 148
16 1 5.3 106
16 3 4.7 94
16 5 6.0 120
17 1 6.5 130
17 4 5.5 110
18 1 6,4 128
18 3 5.6 112
18 4 6.0 120
18 6 5.4 108
18 8 5.9 118
18 10 7.7 154
18 11 4.1 82
19 14 4.9 98
19 16 6.5 130
19 17 7.5 150




Fig. 4. Meunier's illustrations of Didinium gargantua in plate 15. In this, and following figures,
the numbers in squares are figure numbers of D. gargantua and numbers in circles denote a prey
item, e.g. in fig. 14 "Pt’, the tintinnid ciliate Ptychocylis. Lower case letters denote the following
features: buccal trichocysts as 'so’, mouth as 'b’, anterior belt of cilia as 'cca’, posterior ciliary
belt as 'ccp’, nucleus as 'n’, starch particles as 'f', anal vacuole as 'va'. Words in quotation marks
are translations from the figure legends (see supplemental files). In plate 15, fig. 8 shows a D.
Gargantua, fig. 9, shows an ""ovoid" D. gargantua, fig. 10 shows an "elongated" D. garantua, fig.
11 shows a "cylindrical" D. gargantua, fig. 12 shows a "spherical” D. gargantua, fig. 14 shows a D.
gargantua "gobbling" a tintinnid ciliate, Ptychocylis (circle Pt). The size bar here and in following
figures is based on the calculated actual size of printed illustration of fig. 9.



Fig. 5. Meunier's illustrations of Didinium gargantua in plate 16. Legend notes as in figure above.
In plate 16, fig. 1 shows D. gargantua "attacking" a specimen of the ciliate Cyclotrichium
cyclokaryon (prey circle 2), far larger than itself, fig. 3 shows a " relatively small" D. gargantua
"attacking" a "giant" C. cyclokaryon (prey circle 4), and fig. 5 shows an unusual "elliptical”
specimen of D. gargantua.
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Fig. 6. Meunier's illustrations of Didinium gargantua in plate17 and the first 3 illustrations in
plate 18 (as Plate 18a). Legend notes as in figures above. From plate 17, fig. 1 shows a
"voluminous" D. gargantua attacking another, living D. gargantua (prey circle '2"), fig. 3 shows D.
gargantua ingesting the ciliate Cyclotrichium cyclokaryon (prey circle '4". In the figures from
Plate 18, fig. 1 shows a D. gargantua "in position of attack”, fig. 2 shows a D. gargantua ingesting
a tintinnid ciliate, Ptychocylis (prey circle '3"), and fig. 4 shows a D. gargantua ingesting one of
the enigmatic papulifere forms, Fusopsis umbricata (prey circle 5); Reid and John (1978)
suggested that the figure may depict cyst formation in D. gargantua.
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Fig. 7. The last 4 of Meunier's illustrations of Didinium gargantua in plate 18. Legend notes as in
fig. 1. Figure 6 shows a D. gargantua having captured a Cyclotrichium cyclokaryon by its side
(prey circle '7"). Figure 8 shows a D. gargantua attempting to ingest a crustacean fecal pellet
(prey circle '9') containing the remains of Diamylon nivalis 'D', Distephanus speculum 'Ds',
Ptychocylis, 'Pt', Echinum 'E', Amylax catenata 'A’, Piropsis minuta 'X', Nitzschia sp.'N', and a
rotifer egg 'oR'". According to the text, only a small portion of the fecal pellet is shown, the entire
pellet is said to be at least 1 mm long. Figure 10 shows a large spherical specimen, according to
the text, "sated". Figure 11 shows a small specimen of D. gargantua whose trichcysts have "shot"
out of the mouth.
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Fig. 8. Meunier's illustrations of Didinium gargantua in plates 19 and 23. Legend notes as in fig.
1. In plate 19, fig. 14 show a D. gargantua ingesting an "infusorian" (prey circle '15') and
containing a previously ingested peridinid dinoflagellate (prey circle P), fig. 16 shows a D.
gargantua digesting a Ptychocylis (prey circle 'Pt'), and fig. 17 shows a D. gargantua having
swallowed an unidentified large prey item.

6. Reported Occurrences of Didinium Gargantua post Meunier 1910

A search for documents containing both the terms "didinium" and "gargantua” in
various databases in mid-May, and in early June 2025 searches for document containing
the term "D. gargantua", yielded a total of 42 works reporting the occurrence of
Didinium gargantua in publications dating from 1919 to 2025. The records are from a
very wide variety of systems, from the Arctic to the Antarctic, with little in common
other than being marine or brackish water systems (Table 1). In European seas alone, D.
gargantua was been reported from: the North Sea (Loder etal. 2012, Yang et al. 2014), a
North Sea estuary (Hansen et al. 2025), the Baltic Sea (Legaard 1920, Valikangas 1926,
Biernacka 1963, Johansson et al. 2004), an estuary of the Cantabrian Sea (Urrutxurtu et
al. 2003), the Mediterranean Sea (Sacca et al. 2008, Rekik et al. 2021), and the Caspian
Sea (Alekperov et al. 2017). Only 22 of the reports included size data on the specimens
found identified as D. gargantua, and 18 of those gave size estimates well below the
average size of the vegetative specimens shown in Meunier's description of 119 pm in
length (Table 1). Several publications included illustrations of specimens identified as D.
gargantua and these are shown in Fig. 9. Casual inspection suffices to show that none of
the illustrations appear to correspond, in both size and shape, with any of Meunier's
figures given in here in figs. 4-8.
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Table 2. Reported Occurrences of Didinium Gargantua.
Reports are listed in descending order of the maximum reported size of D. gargantua.
Abbreviations: LD: longest dimension, LxW: length & width, ND: no data given.

Most reports concern specimens far smaller than the average of those depicted by Meunier (i.e.,
119 pm see Table 1) and only 7 of the 42 reports cited Meunier 1910 (reference marked *"),
suggesting a general lack of familiarity with the original description. Notes: (1) data from graph,

(2) sizes as equivalent spherical diameter given or calculated from biovolume range given, (3)

LD from text, table, or size bar in a figure. The publications including an illustration are marked
with the superscript "I". Hansen et al. (2025) reported the occurrence of "Didinium cf.

gargantua" in a North Sea estuary.

Locality

Dimensions given

Reference

North Pacific, Japan

160-150 pm LD (3)

Hada 1937*!

Bohai & Yelow Seas (China)

150-50 um LD (3)

Song et al. 2009

North Sea

125 um LD (3)

Yang et al. 2014!

Southern Baltic, Poland

120 um LD (3)

Biernacka 1963*

Antarctica, Weddell Sea

114-52 pm LD (3)

Petz et al. 1995*!

Antarctica

95 um LD (3)

Hada 1961

Antarctica

95-40 pm LD (3)

Hada 1970!

Yellow Sea, China

87-57 um LD (3)

Zhang et al. 2002

Western Pacific

85-75 pm LxW (1)

Huang et al. 2021

North Sea estuary

80 um LD (3)

Hansen et al. 2025

Antarctica, Weddell Sea

75x 30 pm LxW (3)

Scharek 1991

Antarctica, Weddell Sea

73-40 um LxW (2)

Garrison & Buck 1989a

Gulf of Mexico, Texas USA

70 x 59 pm LxW (3)

Alekperov et al. 2007!

Chesapeake Bay estuaries

70 x 50 pm LxW (3)

Reaugh et al. 2007

Antarctica, Weddell Sea

70 pm LD (3)

Monti-Birkenmeier et al. 2017!

South China Sea

64-45 x 58-34 um (3)

Dong et al. 2010!

Songi Lake (marine), Korea

60-55 x 40-35 pm LxW (3)

Kim & Jung 2017

Western Arctic 60-39 um (2) Xuetal. 2018a
Northern Baltic 58 x 55 pm LxW (3) Johansson et al. 2004
Northern Baltic, Finland 55 um LD (3) Leegaard 1920*!

North Sea 51 pm (2) Loder etal. 2012

Arctic Barents Sea 50 pm (2) Kohlbach et al. 2023
Arctic Barents Sea ND Wulff 1919*

Northern Baltic, Finland ND Vilikangas 1926*
Arctic Bering Sea, North Pacific ND Sorokin et al. 1996
Antarctica Amundsen Sea ND Wickham et al. 2011
Antarctica Amundsen Sea ND Jiang et al. 2016
Caspian Sea, Azerbaijan ND Alekperov etal. 2017
Jangmok Bay, Korea ND Kim & Jang 2008!

Lake Faro (marine), Italy ND Sacca et al. 2008
Mediterranean Coast, Tunisia ND Rekik et al. 2021
Nevron River estuary N. Spain ND Urrutxurtu et al. 2003
Northern Baltic, Finland ND Setala & Kivi 2003
Antarctica, Ross Sea ND Monti et al. 2016

South China Sea, Vietnam ND Tran et al. 2024
Antarctica, Weddell Sea ND Garrison & Buck 1989b
Antarctica, Western Peninsula ND Monti-Birkenmeier et al. 2021
Western Arctic ND Jiang et al. 2013
Western Arctic ND Xu etal. 2018b
Western Arctic ND Xu et al. 2024

Eastern Arctic Svalbard ND Bhaskar et al. 2020*
Arctic Barents Sea ND Oleynik & Chovgan 2010
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Fig. 9. lllustrations of Didinium gargantua published from 1920 to 2025. Size bars (50 pm) were
added to figs. A, C, E, F, G, H, I, and ] based on the text description or the size bar in the original
illustration. A: Baltic (Finland) specimen from Leegaard 1920, B: North West Pacific 44°N
(Japan) specimens from Hada (1937), C: Baltic specimen (Poland) from Biernacka 1963, D:
Antarctica specimen from Hada (1970), E: Antarctic specimen from Petz et al. (1995), also
shown in Petz (1999, 2005) and Song et al. (2009), F: South China Sea specimen from Jong et al.
(2010), G: Gulf of Mexico (Texas, USA) specimen from Alekperov et al. (2007), H: North Sea
specimen from Yang et al. (2014), I: North West Pacific 38°N (Korea) specimen from Kim and
Jung 2017, J: Antarctica specimen from Monti-Birkenmeier et al. 2017, K: North Sea estuary
specimen from Hansen et al. 2025 of "Didinium cf. gargantua", L: Bohai Yellow Sea specimen
from Song et al. (2009). Note that the illustrations, with the exception of those from Hada (B),
Biernacka (C), and Yang et al. (G), show specimens that do not fall within the size range of those
depicted by Meunier. None of the illustrations correspond closely with any of Meunier's
illustrations in both overall shape and dimensions (see figs. 4-8) including those from the few
publications that cite Meunier 1910, those shown in A, B, D, and E. Furthermore, none of the
reports mention observations of specimens having ingested large prey items.

Among the 42 publications reporting the occurrence of Didinium gargantua, three are
notable as they included re-descriptions based on specimens found in systems far from
the Kara Sea. These are Petz et al. (1995), on specimens from Antarctica (see fig. 9.D),
Alekperov et al. (2007) on specimens from the Gulf of Mexico (see fig. 9E), and Kim and
Jung (2017) on specimens from Korea (see fig. 9G). Both Alekperov et al. (2007), and
Kim and Jung (2017), listed Petz et al. 1995 in the references, but not Meunier 1910,
suggesting that their identifications of D. gargantua relied on Petz et al. (1995), rather
than Meunier's original description. From the text of Petz et al.,, (1995), it is clear that
the connation of the term Gargantua, as a fictional voracious giant, was unknown to the
authors as they searched in futile, for an arctic location as the namesake of the species.
Petz et al. (1995) stated that the form shown here in fig. 9D, corresponded in size, shape,
and macronucleus with the Meunier's original description, a statement appearing
inaccurate considering the illustrations shown here from Meunier, i.e., figs. 4-8, of a wide
variety of shapes and sizes of cells and macronuclei. Their text stated, as part of the
justification for attributing the name D. gargantua to their Antarctic specimens, that D.
gargantua had been repeatedly found in Antarctic waters, citing Garrison (1991) and
Palmisano and Garrison (1993) who provided no information on D. garantua other than
its supposed occurrence in sea ice, and an incorrect an attribution of the original
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description to Kahl 1933, along with Hada (1970) who mentioned the small size of the
specimens compared to those he found in the North Pacific,

Two simple explanations can be proposed to account for the notable discrepancies in
size and shapes of Didinium gargantua between those shown by Meunier and
subsequent descriptions and illustrations in the literature. It should be stated, in
advance, that critical examination of either of explanation proposed below requires
sequence data, at present lacking with regard to Didinium from salt water environments
(see GeneBank "nucelotide", "didinium", consulted May 20, 2025). The simplest
explanation is that D. gargantua is not the only marine species of Didinium as has been
assumed. Many, if not most workers, likely assumed that any Didinium found in a
saltwater system was most likely to be D. gargantua as the only species of Didinium
known to inhabit saltwater systems. Early reports of the very well known D. nasutum in
marine and brackish waters such as those by Schréder (1906) and Lohmann (1908),
have long and repeatedly been questioned as likely D. gargantua simply because D.
nasutum is assumed to be restricted to freshwaters (i.e., Kahl 1930, Biernacki 1963, Petz
2005). The most common criterion given as distinguishing D. gargantua from D.
nasutum, other than habitat, is the posterior belt of ciliature in D. gargantua lies lower in
the cell compared to D. nasutum (e.g. Foissner et al. 1999), a somewhat subjective
criterion. There are actually many, and some modern reports by reputable workers of D.
nasutum in brackish or marine systems (e.g. Arndt 1991, Small et al. 1971 and others
cited in Foissner et al. 1999). Thus, it seems quite possible D. gargantua is not the only
species of Didinium in saltwater systems as either D. nasutum, or another unknown
species resembling it, apparently occurs in salt waters. Another explanation is that
discrepancies in descriptions of D. gargantua are because it is a highly polymorphic,
cosmopolitan species. One could speculate that differences in the size and shape
spectrum of available prey items influences average cell size and shape. In this regard it
is useful to note that Meunier gave no information on where the specimens shown in
figs. 4-8 were collected, what other organisms were found in the samples with the
specimens depicted, nor why they, in particular, were chosen for illustration. Thus, an
additional third and last possibility is that Meunier depicted only the relatively few,
striking, highly unusual specimens, out of the said hundreds of specimens he
encountered, many of which might actually resemble the specimens of later studies,
shown in fig. 9.

7. Conclusions

Given here are Meunier's quite remarkable descriptions of Didinium gargantua.
Meunier's texts and figures appear to be unknown to many of the workers who have
reported the occurrence of the species given the discordance between the dimensions,
and general cell shapes, reported compared to those in Meunier's figures. This even
applies to the three re-descriptions of D. gargantua (Petz et al. 1995, Alekperov et al.
2007, Kim and Jung 2017). Some of the blame lies with the marked deficiencies of
Meunier's description of D. gargantua. First and foremost perhaps, he did not provide a
description of the most common morphology found among the "hundreds" of specimens
encountered. Second, he provided no data on the actual sizes of the cells that he
described in graphic detail. Lastly, his many figures of D. gargantua were presented
along with other organisms, in six plates, complicating an appreciation of all the
morphologies he presented. It should be noted that many of the morphologies shown in
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Meunier's illustrations appear to have not been seen by anyone other than him,
consequently, they may qualify as "oncers", among forms that are "poorly described and
their identity is ambiguous" (Thessen et al. 2012). Sorting out the identity of freshwater,
marine, and brackish water forms of Didinium will require sequence data. One can only
hope that such studies will be undertaken. Sequence data on marine and brackish water
forms may provide not only data on the identity of marine Didinium, but also new
information on transitions between freshwater and marine systems among ciliates,
about which little appears to be known.
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Translation* of Didinium Gargantua text, pp. 154-164 in Meunier 1910
*raw text produced by Google Translate, edited by JRD

Meunier pg 154

Genus Didinium STEIN

A genus of free-living holotrichous infusoria, characterized by the presence on its largely
naked body of two crowns of locomotory cilia and by the structure of its mouth, which is
terminal, extremely dilatable, and equipped with a sort of mobile pharyngeal trap.

From the species nasutum Muller, which is the only one known to us so far, and which
is freshwater, we have to introduce a marine congener in which the very particular
characteristics of the genus have a much more tangible expression.

Didinium Gargantua sp. n.

Plate XV, figures 9 to 15; Plate X VI, figures 1, 3, 5, 6, 7, 8,9, 10, 11, and 12; Plate
XVII, figures 1 to 5; Plate X VIII, figures 1, 2, 4, 6, 8, 10, and 11; Plate XIX, figures 14, 16,
17, and 18; Plate XXIII, figure 11.

MORPHOLOGY OF THE ANIMAL

The plasticity of the body and the elasticity of its integumentary membrane allow it to assume
such diverse and inconstant forms that it would be difficult to attribute a specific one to it, one
that could be considered normal and characteristic.
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Sometimes spherical (fig. 12, plate XV), sometimes cylindrical-spherical (fig. 11, plate XV),
sometimes ellipsoidal (figs. 8, 9, 14, plate XV), the body can also elongate and present a
median constriction (fig. 10, plate XV) or finally take on more complicated contours,
examples of which can be seen in figures 11 and 22 of plate X VI, in particular.

The integumentary apparatus always presents an external hyaline membrane distinct
from the one that is somehow integral with the ectoplasm: it is a kind of cuticle that is always
more clearly observed near the mouth, as in figures 11 and 12, plate XV, for example.

Most of the body is hairless, but two belts of cilia, cca and ccp, are consistenly
observed, each formed of a single series of long, dense cilia, of equal size and similarly
oriented, by a sort of solidarity that can only be explained by a certain coalescence. They thus
take the form of a collar or an annular membrane with a finely 'fibrillar' texture; the anterior,
cca, always spread ou towards the top, in the fixed animal; the posterior, ccp, more often
spread out and sometimes even reflected in the opposite direction towards the anal pole of the
body.

These belts slightly depress the body at their insertion, following two circles
perpendicular to the longitudinal axis. They thus divide the body into three regions: the
posterior or anal region, in the middle of which the anus opens, a, in relation to a large anal
vacuole, va, surrounded by many others; the median region, always the most developed;
finally, the anterior or oral region, where the mouth opens in a conical extension whose
appearance varies greatly with the biological activities of the protozoan.

The appearance of the sarcoplasm also varies enormously with the nature of the
inclusions, which may be more or less abundant and at a more or less advanced stage of
digestion.
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It should also be noted that, apart from the food inclusions often recognizable by their
specific characteristics, the more or less vacuoleous sarcoplasm is often very rich in particles,
products of its physiological activity.

These are protein bodies, globules of fatty matter, and frequently also starch grains
(figs. 8 and 9, plate XV), whose fairly constant shape and scattered state in the peripheral
protoplasm seem to indicate formation in situ.

However, nothing in the state of our study materials suggests that living animals
possess any "chromophylle". Since this characteristic is reproduced in other protozoa
inhabiting the same environment, one must ask what special conditions confer on these
organisms this ability, which is usually considered to be exclusively linked to the chlorophyll
function.

The nucleus, always large, also takes on varied forms that can be divided into two
types that undoubtedly correspond to different developmental phases of the organism.
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We distinguish: 1%. type A (fig. 15, plate XV); crescent-shaped with a third horn in the
concave part; 2™ type B (fig. 8, plate XVI), larger and longer, shaped like a sausage with
varying curves.

In both cases, the structure of the chromatic element is clearly 'fibrillar', fi (fig. 8,
plate XVI), within the nucleus' own membrane, mn.

The mouth, b, is terminal. It is a circular orifice extended inferiorly into a sort of
pharyngeal funnel that extends, narrowing, into the sarcoplasm, where it disappears and is
bounded by rods arranged in the shape of a the neck of a fish trap.

From this orifice usually emerges a sarcodic mass, forming a plug, from which strong
oral setae project, so, which seem to have the characteristics of oral trichocysts, intended for
use as offensive weapons (fig. 8, 9, 10, 11, 12, pl. XV).

It seems that there is an identity of nature between these disordered trichocysts and the
well-ordered rods of the pharyngeal trap. They are interchangeable elements, which can
replace one another depending on the circumstances.

Their number, moreover, is not fixed. It can vary indefinitely at the whim of the
animal, which, depending on the needs of the moment, produces new ones at the expense of
its sarcoplasm or reduces their number by a kind of reabsorption. Some cases illustrated will
provide examples of this and further clarify the structural details of the mouth in the exercise
of its functions.

BIOLOGICAL MANIFESTATIONS OF THE ANIMAL

It is a pity that no one thought of observing this microzoan during its life to study its habits.
The observer would certainly have enjoyed witnessing dramatic scenes whose fixed material
only allows us to capture moments of action.

The animal, seemingly innocuous, with its narrow mouth in ordinary times, must in
reality be a veritable scourge for the microscopic population that nature places within its
reach.

Hounded, it seems, by an insatiable appetite, it attacks everything within its reach,
even its own kind.

Armed with oral trichocysts, which it probably uses like poisonous arrows, it pierces
its victim and paralyzes it; then, opening a mouth whose extension has almost no limits, it
sucks its prey, as it were, into a nassiform pharynx that ends in a dilatable sarcodial vacuole,
where it eventually passes, regardless of its volume, often greater than that of the aggressor.



The attack likely begins with a rocket-like projection of the buccal trichocysts, co (fig.
1, plate XVIII). This projection is accompanied by a narrowing of the oral pole, a narrowing
that is undoubtedly violent and sudden and itself causes the projection.
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The trichocysts thus projected are held in a bundle by a plasma membrane that retains them in
the sarcoplasm and prevents them from being lost. Once the blow has struck the coveted prey,
the latter, mortally wounded or merely paralyzed, can be brought back to the oral orifice, in
which the trichocysts gradually resume their regular arrangement around the pharyngeal
funnel.

When the prey is large, the mouth, sufficiently dilated, presses itself against it as
tightly as possible, and swallowing occurs with the slowness required by the difficulty of the
operation.

A few examples chosen from hundreds of observed cases will suffice to illustrate these
processes.

Plate XV, figure 14. The animal is in the process of "gobbling" a Ptychocylis, Pt,
whose capsule it disdains, attacking only the protoplasmatic body of the Tintinnid. The
mouth, b, of Didinimn Gargantua is dilated to the extent of the Ptychocylis's capsule, into
which it is introduced, so as not to lose a crumb of this easy prey. The latter will pass entirely
into the esophageal funnel, around which the trichocyst rods have resumed a regular
arrangement, in sufficient number to cover the entire wall, although they are very close
together. This suggests that the animal has multiplied them for the needs of the moment, since
they are not seen in such large numbers in the organism outside of its gastronomic exercises.
This is a fact that, as we shall see, is repeated in all similar cases. Meanwhile, the aggressor
remains wearing his victim's remains. He will easily dispose of it later, by removing the
mouth and returning it to normal size.

The nucleus, n, is here sausage-shaped, type B, not very voluminous.

Plate XVIII, figure 3. Didinimn Gargantua proceeds differently here with a
Ptychocylis, of almost equal dimensions to his own. He prepares to ingest it whole, container
and contents, and one can believe that this is not entirely presumptuous on his part, for there
are many cases observed where the operation was carried out without prejudice to the
aggressor, if not to the victim.

The nucleus, n, is here of type A.

In Ptychocylis, there are two groups of geminate nuclei, n and n. Several Diamylon
nivale cells, D, are observed there amidst other inclusions, in it. The oral apparatus of the
protozoan is already completely destroyed.

Plate XIX, figure 16. This figure shows us an operation of this kind successfully
completed. Ptychocylis, Pt, itself full of inclusions, among which Diamylon nivale can be
recognized, was swallowed alive.

Ingestion must have very shortly preceded sampling and the fixation by formalin,
because, on the one hand, Ptychocylis still shows no trace of ...
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... and, on the other hand, the mouth, b, of Didinium, although already slightly narrowed, has
not yet had time to return to the narrow dimensions of the inactive state.

The nucleus, n, is of type B; r designates residues of previous digestions; va is the anal
vacuole.



Plate XVII, figures 1 and 2 together. The aggressor animal (fig. 1) is here attacking one of
its conspecifics (fig. 2), whose dimensions are somewhat smaller.

The victim is seized by the flank. Could this be to avoid its oral trichocysts? It presents
morbid characteristics, manifested by a deformation of the buccal mass, by the exit of part of
its sarcoplasm outside the mouth, by a sort of incipient plasmolysis of the body, by the
detachment of the external cuticle of the integument, which becomes loose, etc.

The aggressor, for its part, seems to exert all its energy to dilate its buccal trap to the
size of its prey and suck it up by a sort of suction.

Shortly before its current attack, it had absorbed Diamylon nivale, D, which can be
recognized intact amidst other granulations of the sarcodic mass. The latter is highly
vacuolated, a probable consequence of prolonged fasting.

The nucleus, n, is large and of type B. The anal vacuole is dilated; a thinning of the
membrane, at @, marks the anal orifice.

The captured individual (fig. 2) has a type A nucleus. Note the starch grains, f,
disseminated in the cellular protoplasm; they appear to be products of the organism's own
activity; they are 'enclaves' rather than inclusions.

Plate XVI, figures 1 and 2 together. Our Gargantua (fig. 1) is attacking a Cyclotrichium
karianum here. This is its favorite target, although this curious organism, which we will
describe later, is often larger than itself.

In the case reproduced here, the monster seized its prey by the mouthpart, which
seems to be its preferred method when hunting this large game, which is undoubtedly as
delicate as it is poorly equipped for defense. One must wonder if it will be able to overcome
the difficulties of ingesting prey so disproportionate to its size. The undertaking may seem
foolhardy, but the numerous successful cases observed clearly demonstrate that it is within its
means when used with patient tenacity.

Note the deformation of the body, which reflects the energetic efforts exerted by the
integumentary apparatus in the suction of the widely opened, funnel-like mouth. This is
adequately applied to the victim's grasped part and likely functions like a suction cup.

The sarcodic matter of the Cyclotrichium is sucked into a digestive vacuole that
increases in volume as it fills, along with the body itself, which is highly dilatable.
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The nucleus, n, is type A and shown in optical section. The granules that appear there
are the cross-section of the chromatic filaments.

Plate XVI, figures 3 and 4 together. Here we see the reproduction of a case similar to the
previous one, but even more surprising, given the disproportion in size between the two
organisms in conflict.

The flow of the soft sarcoplasm of the victim (fig. 4) towards the sucker-funnel of the
aggressor is made tangible in some way by the orientation of the starch grains, f, which are
found there, in an 'enclave' state, we think, and which the iodine colors blue on a yellow
background.

On the other hand, we are witnessing the mixing of the products ingested by Didinium
with its protoplasm, because the starch grains, f; discovered there, have essentially the same
appearance as those mentioned earlier and seem to come directly from the progressive
emptying of Cyclotrichium.

Plate XVIII, figures 6 and 7 together. Here, the attack of the game still a Cyclotrichium (fig.
7); it was made through the flank, which seemed rarer to us.



Its soft, plastic, weakly integumented body is already deformed, on the attack site, by
the suction of Didinium's sucker (fig. 6); but actual absorption has not yet begun. We can see
that the Cyclotrichium membrane is not pierced at this point, but is undoubtedly subjected to
the action of dissolving matter. Furthermore, the large central vacuole of Didinium's body, ve,
is still empty of any alimentary bolus, occupied only, one might think, by digestive juices that
will no longer wait for their use. The large dimensions of this vacuole prevent the pharyngeal
tube from assuming its regular shape; this is why its lower end is deflected to the side.

We are inclined to see this as the result of prolonged fasting: this is confirmed,
moreover, by the anemic appearance of the vacuole protoplasm, devoid of almost any food
reserve, in the form of inclusions or enclaves.

It is only in the ectoplasm or the peripheral layer of the cytoplasm that the nucleus, n,
of type A, finds a home. It is to this circumstance that we owe its clear appearance, in its full
development.

Plate XVII, figures 3 and 4 together. This figure presents us with a case of the same kind,
but in which the ingestion of the prey (Fig. 4) is well underway. The victim's body, half
ingested in the form of an inclusion, in, within a large digestive vacuole, presents, in the still-
emergent part, striking features of dislocation. This appears to be due in part to the action of
gastric juices disgorged by Didinium, with a view to facilitating the absorption of the prey.

The latter's membrane, m, appears to have been torn apart by tearing and digestion; the
protoplasm, pr, becomes disorganized and diffluent; the nucleus, n'-n’, reflects ...
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... the stretching to which it is subjected while passing through the pharyngeal cone. Other
indications as above; the nucleus, n, is still of the A type, crescent-shaped.

Plate XIX, figures 14 and 15 together. Here again is the same protozoan (fig. 14) grappling
with prey (fig. 15) which it has already reduced to a passive state by its deadly attack, and
which it has begun to ingest under conditions of ease that do not require the deployment of all
its means.

It will be noted that the rods of the pharyngeal cone here assume a spiral arrangement
in harmony with the twisted shape of this organ.

The morbid deformation of the victim has rendered it unrecognizable.

The presence of a Peridinium, P, in the sarcoplasm testifies to a previous meal
which this organism has suffered.

The indigestible capsule will undoubtedly be subsequently rejected through the oral
opening, because the anal orifice, connected to the anal vacuole, does not seem to be able to
lend itself to the evacuation of somewhat voluminous excremental bodies.

Plate XIX, figure 17. This figure shows a more advanced phase of one of those curious
phenomena of swallowing a large living organism by Didinium Gargantua.

The operation is nearing its end. The undetermined protozoan, P, is completely
entangled in the oral orifice, which now merges with the large gastric vacuole, large enough
to accommodate the voluminous inclusion, which enters it in one piece. A whole meal in one
mouthful; but what a mouthful!

It is a generally observed fact that the pharyngeal tube, greatly dilated during the
ingestion of a large bolus of food, takes time to return to the restricted size of the inactive
organ. The cause is undoubtedly the slowness of the regressive transformation process of the
trichocystic rods.



These, having become very numerous during the period of attack and deglutition, must
gradually return to the normal cytoplasm, following a process whose intimate nature our dead
materials have not allowed us to grasp.

The reader will not have failed to observe in this figure, as in all those relating to the
same phenomena, that these rods are of two kinds: some very strong, which appear more
permanent; others more numerous, more delicate, framed within the former and probably
more fleeting. Their eventual reabsorption into the cytoplasm would constitute an interesting
subject of study, which we point out to micrographers who are fortunate enough to have
living material available.

In figure 17, n denotes the nucleus of the Didinium, which is type B; n' denotes the
nucleus of the ingested Infusoria; r denotes residues of previous digestion; va is the highly
developed anal vacuole.
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Plate XVIII, figures 4 and S, together. The extreme voracity of Didinium Gargantua leads it
into hopeless adventures, examples of which remain to be given.

This is the case here. We see our animal in the process of ingesting a Fusopsis
unbracula (fig. 5), whose great length and rigid, barely digestible membrane seem to prevent
useful incorporation.

Considering the physiognomy of the organism, which has been reproduced as
faithfully as possible, might one not say that, having recovered from its error, it is trying to rid
itself of this cumbersome catch?

Plate XVIII, figures 8 and 9, together. Nor can we augur well for the organism in question,
from its reckless attempt to swallow a crustacean dropping (fig. 9), of which we are only
showing a fragment and which, in reality, is at least fifteen times its length.

A curious example of blind voracity that drives the animal to set its sights on anything
that floats within reach and seems worth taking, provided it can begin to grasp it. We have
seen it pounce on carbonaceous particles evidently coming from the explorer ship, which
demonstrates an inconceivable lack of taste.

Current observations are not likely to change opinion in this regard, since it appears to
be digesting junk, without appearing disgusted by it.

It is true that this dropping testify to a certain waste of food materials on the part of the
Crustacean that committed it, a large Copepod no doubt, also presumptuous of its digestive
faculties, for it seems to have made no distinction between the most disparate prey that
presented itself within its reach: Diamylon, D; Distephanus, Ds; Ptychocylis, Pt; Echinum, E;
Amylax, A; Piropsis, X; Rotifor eggs, oR; Naviculate diatoms, /V, and a thousand other
organisms whose presence is easily recognized in this slimy sausage, where residues resistant
to digestion rub shoulders with organic forms barely affected by gastric zymases.

As will be easily demonstrated by examining figure 9, this last observation applies
particularly to Diamylon nivale, D.

Abundantly ingested by the crustacean, this microphyte is found almost intact in the
droppings, after having traveled through the entire digestive tract.

Should we conclude from this that copepods do not secrete amylase and therefore lack
the ability to digest starch? This appears to be the case; unless the membrane of Diamylon is
such that it cannot be penetrated by digestive juices.

Returning to our Didinium, we do not see how it will be able to get out of this
predicament if the futility of its efforts does not force it to abandon an undertaking beyond its



strength, despite the nutritional value it could derive from the crustacean's excremental
residues.
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We like to see in this, at the very least, an interesting example of the well-known fact
that nothing is lost in nature and that the degradation of organic substances occurs only
gradually, sparingly, and according to the laws of a scrupulous economy of the vital forces
stored by the plant organism.

The nucleus of the individual we are concerned with here is type A. Its vacuole-like
cytoplasm seems to reflect a long fast, which excuses its intemperate greed.

Plate XVIII, figure 10. Here we see the sated organism, after ingesting a large prey item. We
can recognize its elements, and in particular, the large grains of starch, incorporated as
inclusions, £, in, in a large digestive vacuole which occupies the center of the individual's
sarcoplasm and whose boundaries are clearly visible.

The dimensions of this specimen are considerable; they are nevertheless not excessive
for the species, if we compare it with others whose representation we have not attempted, in
order to conserve the surface area of our plates.

Note the mouth, b, in the process of narrowing; the sarcoplasm rich in inclusions; the
nucleus, n, of type B, voluminous and traversed by the innumerable loops of knotty chromatic
filaments; the anal vacuole, va, well developed, etc.

REPRODUCTION

It seemed surprising to us that this organism, so abundant in several samples of our study
materials collected at a time that seemed to be that of its greatest proliferation, had not
initially presented us with any certain cases of multiplication, where it was most richly
represented.

We were prepared to point out the absence of cell division phenomena, having been
unable to find a specimen at this interesting stage of its development, in order to feature it
prominently in the plates we are dedicating to it.

It was only later, upon more careful study of No. 48, which we had overlooked in this
regard as much less rich than others and clogged with oily substances from the small
crustaceans that abound there, that we were finally able to capture a few specimens in the
process of dividing.

We provide an example (Plate XXIII, fig. 11), on a slightly smaller scale due to lack
of space, where this phenomenon is indicated by the constriction of the body, still not very
marked, and by the doubling of the ciliary girdles, which number four.

The nucleus, n, takes on the curved sausage shape, of type B, which we have reported
in other specimens which did not otherwise indicate an imminent division.
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We now believe we are justified in saying that this shape of the nucleus is indicative
of a tendency toward cell division.

We cannot say anything about the micronucleus, not even affirm or deny its existence.
The cursory nature of our current research has not allowed us to engage in the minutiae of a
special technique capable of forming an opinion on this subject.

This nevertheless seems interesting enough to us to wish to make it the subject of a
small, special study at a later date.



There is no reason to consider the case of figure 18, Plate XIX, where the organism is
presented with an undivided nucleus, n, and two buccal cones, b and b’, each surrounded by a
ciliary girdle, cca', as similar in scope. These two cones converge inferiorly towards each
other, at the center of the sarcoplasmic mass, entirely covered with disordered trichocystic
rods.

There is only one posterior ciliary girdle, ccp. This last observation leads us to believe
that this is rather a case of accidental malformation, of a two-headed monster, and not a phase
of division.

CONJUGATION

On the other hand, there are numerous examples of the coming together of two individuals
that we take to be cases of conjugation.

The subjects who participate in the phenomenon are always small. They closely apply
mouth-to-mouth, after modifications to this organ that destroy its ordinary harmony. This now
offers only the beginnings of a pharyngeal trap whose elements, variously spaced and
dispersed in the cytoplasm, seem to reflect the participation of the entire mass of the latter in
the intimate phenomenon of copulation, suggested by the position of the twin individuals.

However, we could not think of interrupting our work of analyzing the Belgica's
samples to subject these objects to a technique capable of allowing us to penetrate the
intimate characteristics of the phenomenon.

The few reproductions we have made show only the external characteristics, with
slight variations in the shape and arrangement of the conjoined members.

Compare figure 5 of Plate XVII with figures 10, 11, and 12 of Plate XVI. The same
indications have been reproduced to indicate the corresponding details. They also agree with
those used in all the figures relating to the same organism.

We take the specimen reproduced in figure 9 of the same Plate XVI to be a subject
newly separated from its mate, after copulation.
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The oral trichocysts, co, are in great disorder and partly protrude outside the mouth,
while those that remain inside delineate a truncated cone whose direction is the opposite of
that normally exhibited by the buccal trap.

This characteristic, the significance of which we do not understand, is expressed even
more clearly in figure 6 (same plate), in a subject that has a spherical shape and which we
would be tempted to consider a juvenile, if the observations relating to its genesis were not
completely lacking.

The subject reproduced in figure 7 also seems enigmatic to us, with its very small
dimensions, its inverted trap, its poorly shaped mouth, etc.

Finally, for documentary purposes and to serve the natural history of this organism, as
strange in its biological manifestations as in its morphological modalities, we have
reproduced dwarf forms such as figures 4 and 5 of plate XX. They would perhaps appear to
deviate sufficiently from the type to be considered foreign to it, if we could be more certain of
the limits of its variations.

The presence of the two ciliary girdles is, moreover, almost the only salient feature
they share with the previous figures.

In figure 5, the mouth, b, appears closed, at the top of the narrow pharyngeal trap.



In figure 4, the mouth, b, appears split and furnished with very long cilia, co, which do
not quite resemble the trichocysts observed elsewhere.

Furthermore, the pharyngeal trap is missing, without it being possible to assert that the
oral cilia, co, represent its rods in another form and with other functions.

By their reduced size and also somewhat by their appearance, these small forms,
particularly figure 5, are reminiscent of Didinium nasutum, which we know from the
freshwater or barely brackish canals of the Belgian coast. But this is not the place to engage in
criticism of these species.









































