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Abstract: One of the observed flagellates, Cryptella cyanophora Pascher, is probably the first discovery 
ever of this species with cyanelles after more than 80 years since its description. This species was previously 
classified into the cryptophycean genus Chroomonas Hansgirg (see Discussion), which is why the observations 
of two common species, Chroomonas nordstedtii Hansg. and Ch. caudata Geitler,  from natural water bodies 
are also presented and the theory of their cytological evolution is discussed. Similar uncertainty is associated 
with the origin of blue–green chloroplasts of some dinoflagellates, two species of which (from Czech waters) 
are presented, namely Gymnodinium aeruginosum Stein and Amphidinium amphidinioides (Geitler) Schiller. 
Again the theory of the origin of their chloroplast is discussed. The indubitable syncyanosis is demonstrated on 
Glaucocystis nostochinearum Itzigsohn. 
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Abbreviations for the cell organelles and details in figures: (s)  autospores, (ch) chloroplasts, (cv) contractile vacuole, (cy) 
cyanelles, (es) ejectosomes,  (Mc) Maupas corpuscles, (mm) mother membrane of a colony, (nu) cell nucleus, (py) pyrenoid, 
(rc) red coloured corpuscles, (rm) grains of reserve material, (v) vacuole.

Introduction

Mereschkowsky (1905) formulated the theory that all 
chloroplasts were originally  procaryotic  photosynthe-
tic organisms like Cyanophyta, living in symbiosis with 
algae and higher plants. He wrote: „Chromatophores…
are foreign bodies, foreign organisms, that invaded the 
colourless plasm of the cell and entered into a symbio-
tic coexistence with it“ (translated by Martin & Ko-
wallik 1999). Pascher (1929) called these endosymbi-
onts cyanelles and this form of symbiosis syncyanosis. 
Later it was demonstrated that endocyanelles are co-
vered with peptidoglycan, which is the main element 
of the cell wall of bacteria including Cyanobacteria. 
Moreover cyanelles contain exclusively chlorophyll–a 
which is characteristic for Cyanobacteria.

Current research confirmed that „plastids first 
arose by acquisition of photosynthetic prokaryotic en-
dosymbionts by non–photosynthetic eukaryotic hosts. 

It is also accepted that photosynthetic eukaryotes were 
acquired on several accasions as endosymbionts by 
non–photosynthetic eukaryote hosts to form seconda-
ry plastids“ (Howe et al. 2008). The photosynthetic 
prokaryote organisms giving origin to primary chlo-
roplasts were ancestral to present–day cyanobacteria..

Syncyanotic algae were classified into the 
phyllum Glaucophyta in spite of their seeming origin 
from different algal groups (Cryptophyta, Chlorophy-
ta). The term Glaucophyta was probably first used by 
Skuja (1948) without any definition. That was added 
later by the same author (Skuja 1954). The concise 
characteristics are given by Hoffmann & Kostikov 
(2004): „The phyllum Glaucophyta Skuja (1954) (syn. 
Glaucocystophyta Kies et Kremer 1986) is a group of 
eucaryotic algae, lacking chloroplasts and characteri-
sed by the presence of blue–greenish organelle–like 
endosymbionts, termed ´cyanelles´ by Pascher.“ The 
recent data on phylogeny suggest that Glaucophyta are 
in fact monophyletic.
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Methods

The present article does not bring any new evidence of utra-
structure, biochemistry, or evolution of Glaucophyta. It just 
brings attention to some of these organisms, which anyone 
can observe by optical microscope in fresh water. All algae 
presented here were observed in live state. Phytoplankton 
was concentrated by centrifuge with low revolutions but 
mostly the organisms were sampled and observed together 
with organic sapropel. Maximum magnification by means of 
immersed objectives available for the microscopes Zeiss or 
Meopta was used. Sampling localities are given in the Re-
sults.

Results

The actual record of  Cryptella cyanophora  Pascher

In the sample of water with phytoplankton from a small 
village pond in Sedlice near the town Humpolec in 
southeastern Bohemia, I found very rare, quickly mo-
ving flagellates (Figs 1–2). Their cells had the wedge 
shape typical for Cryptophyceae with a wide apex. The 
narrowed and pointed antapex was bound towards the 
cell venter. There was a slightly subapical  shallow 
depression into which two slightly unequal flagella 
were inserted. A ratively big contractile vacuole mo-
ved closely under the cell apex. Most of the cell was 
filled with a single, massive, slightly irregular sphere 
of intensive blue–green colour. It looked very much 
like cyanobacterium. When comparing the size of the 
blue–green sphere  with the size of the colourless flage-
llate it became clear that this cyanobacterium could not 
have been swallowed by the protist. The other alterna-
tive is that it was a cyanelle. In one cell also the small 
red corpuscle was placed closely under the surface of 
the cell venter; it probably was not a stigma. The cells 
were about  14 µm long and 8–8.5 µm thick or wide, 
slightly dorsoventrally flattened. 

In spite of certain difference of cell shape, I 
am sure I found Cryptella cyanophora Pascher. This 
might be the first recognition of the species. However, 
any ejectosomes or nucleus were not visible under the 
microscope which was at my disposal.

Two Chroomonas species common in the Czech Re-
public
Some of the specimens in question have been pub-
lished in Javornický (1978).  I have never found Chro-
omonas to form an important proportion of phytoplan-
kton biomass. Chroomonas caudata  Geitler (1924) 
is less common but well recognizable because of its 
cell shape (Figs 3–7). The cells of Ch. caudata have 
the shape of reverse droplet with a wide, obliquely 
cut apex, and an antapex protruding into the more or 
less sharply elongated and pointed hyaline cauda. This 
cauda is distincly  curved towards the cell venter. Two 
unequal flagella are inserted in an apical  depression 

under which are more or less numerous  ejectosomes 
(in a gullet or only alongside the furrow?). A single 
contractile vacuole is placed apically. The blue–green 
chloroplast does not fill the entire inner surface of the 
cell.  Its central part adheres to the cell dorsum and pro-
trudes with two lobes along the cell sides. Its ventral 
slot is rather wide. The conspicuous pyrenoid  covered 
with products of photosynthesis is normally situated at 
the dorsal  part of the chloroplast, but may be shifted to 
its ventral edge (Fig. 7). The cellls were 9–13 µm long, 
4.5–5.5 µm wide and 4–4.5 µm thick, so that they were 
slightly dorsoventrally flattened. Several small grains 
of reserve materials were spread in the cytoplasm.
The specimen collected from the small pond near the 
town Březnice in South Bohemia (Fig. 3) was thin, ha-
ving  long hyaline cauda, rather big pyrenoid and three 
rows of ejectosomes. Those from the river Vltava in 
Prague (Figs 4–7) had shorter cauda, relatively smaller 
pyrenoid, and only 3 ejectosomes. 

Chroomonas nordstedtii Hansgirg (1885) is 
more common (Figs 8–14). It was found particularly 
in puddles and shallow ditches with sapropel of ferrous 
bacteria and overgrown with higher plants, e.g. Equi-
setum. These minute biotopes were mostly  parts of 
drainage system of fishponds, e.g. of Požár pond at the 
village Jevany (Figs 9–11) or of the fishponds Pilský 
(Fig. 8) and Punčocha (Fig. 13)  near Mšec – both these 
localities lie in the general vicinity of Prague. Occasi-
onally the cells of Ch. nordstedtii (Fig. 12) started to 
multiply in the laboratory tank filled with water from 
the brook in Prague–Libuš with some addition of se-
wage (in the experiment  carried out by the hydrobio-
logist J. Justýn). 

        The cells of C. nordstedtii  were always  
thickest in lateral view, oval, with both lines convex, 
the dorsal line frequently more arched (Figs 8, 11, 12, 
13). They were slightly laterally compressed (Fig. 14), 
11 – 16 (average 13) µm long, 5–5.8 (av. 5.5) µm wide 
(side/side) , 6.5–8.5 (av. 7.5) µm thick (dorsum/ven-
ter). The dorsal part of the apex protruded in the roun-
ded rostrum which contained a relatively large single 
contractile vacuole. On the ventral side of the apex the-
re was a shallow notch into which led the short  gullet 
inlaid with several tiny ejectosomes. Two slightly une-
ven flagella, shorter than the cell length, were inserted 
in the mouth of the gullet. Most of the inner surface of 
the cell body was covered with the single bright blue–
green chloroplast. Small or rather sizable (Figs 9 and 
12) colourless corpuscles of assimilates were spread in 
cytoplasm. 

The orientation of the cells of Ch. nordstedtii is 
determined by the dorsal position of the apical rostrum 
containing the contractile vacuole, and the subapical 
notch situated on the ventral side of the rostrum, into 

Figs 1–7. (1–2) Cryptella cyanophora Pascher: (1) lateral view, (2) 
dorsal view; (3–7) Chroomonas caudata Geitler: (3, 4, 7) lateral 
views, (5) apical view from equatorial level down, (6) ventral view.
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which flagella are inserted, Usually the cell dorsum is 
more convex than the venter. The arrangement of the 
infracellular organelles  is rather chaotic. The slot be-
tween the lobes of the chloroplast is undulated and so-
metimes visible from the side (Fig. 8a). The pyrenoid 
often adheres  to the ventral lobe of the chloroplast and 
the position of two or three corpuscles of Maupas se-
ems to be arbitrary. The occurence of two chloroplasts 
and pyrenoids (Fig. 10) is probably the state preceding 
cell division. 

Two dinoflagellates with blue–green endosymbiont 
common in the Czech Republic
Some observances of these dinoflagellates have been 
published in Javornický (1978). Cells of Gymnodi-
nium aeruginosum Stein (Figs 15–18) are ovoid, the 
epicone is a bit shorter than the hypocone (proportion 
1 : 1.2–1.4) and the upper cell part has the shape of 
vaulted cone with a blunt apex. The slightly dorsoven-
trally flattened cells (Fig 15b) in my samples were 26–
36 (average 30.4) µm long, 19– 27 (av. 23) µm wide 
(side/side), 12–18 (av. 14.4) µm thick (dorsum/venter). 
The transverse furrow (cingulum) is relatively deep 
and wide and both ends meet on cell venter without 
any shift – the cingulum does not have a spiral course. 
The longitudinal furrow (sulcus) is usually narow, re-
aching the antapex, where it makes the shallow notch 
on some specimens. Into epicone the sulcus runs out  
with a tooth–like notch (Figs 15a and 17). Two flage-
lla are placed in the furrows, inserted in the centre of 
cell venter, the longitudinal one being longer than the 
cell. Numerous bright blue–green chloroplasts have  
the form of little irregular discs or radially composed 
worm–like rods (compare Fig. 15 with 17–8). Chlo-
roplasts in some specimens are closely clustered, thus 
forming an almost compact mass (Fig. 16). No stigma 
or red droplets were observed. A big spherical nucleus 
with a pearl–like structure is located in the epicone.  

The species is common although not abundant 
in fishponds with Sphagnum littorals like the Řežabi-
nec pond in southern Bohemia (Fig. 16) or the Padrť 
pond in western Bohemia (Fig. 15). I also foud samp-
les of it together with Chroomonas nordstedtii in pools 
with sapropel and higher plants (Equisetum) in the 
littoral of the Punčocha fishpond at Mšec, in the vicini-
ty of Prague (Figs 17–18).

Amphidinium amphidinioides (Geitler) Schi-
ller (Figs 19–21): The barrel–shaped cells possess 
a very small epicone: its proportion to the hypocone 
is 1 : 2.5–3.5. The cells in my samples were 21.6–28 
(average 24) µm long, 18–18.7 (av. 18.2) µm wide and 
about 14 µm thick, i.e. they are slightly dorsoventrally 
flattened (Fig. 19b). Both cell poles are broadly roun-
ded. Transverse furrow (cingulum) is deep, relatively 
wide and circular, without any spiral shift. The longi-
tudinal furrow (sulcus) is narrow and does not reach 
the antapex. The sulcus extends beyond the edge of the 
flat  epicone by a small portion. Numerous bright blue–

green chloroplasts have the shape of relatively large 
irregular plates. In every cell there was one (occasio-
nally two) small red corpuscle, pale or intensive red – a 
stigma or a droplet of coloured oil substance? If the 
large spherical nucleus with a pearl–like structure was 
apparent, it was located in the hypocone (Fig. 21). Tiny 
colourless grains of reserve material were spread in the 
cytoplasm. 

Amphidinium amphidinioides was sampled 
with sapropel from shallow peat–bog drain close to the 
village of Mažice in southern Bohemia (Figs 19–20), 
and in the muddy littoral of the fishpond Punčocha clo-
se to Mšec in the vicinity of Prague, together with Ch. 
nordstedtii and G. aeruginosum (Fig. 21).

Glaucocystis nostochinearum Itzigsohn

I found a rich population of this alga in the small fish-
pond with sphagnetum close to one side of it, most of 
its shore being surrounded by a forest. It lies about 1 
km from the small settlement of Kaproun (Kaltbrunn 
in German) in the vicinity of Nová Bystřice, in the 
southern part of the Českomoravská vysočina (Czech–
Moravian Highland) (Figs 22–32 ). Its solitary cells 
or groups of autospores, inside the mother membrane, 
were settled among the epiphytic (on Potamogeton lu-
cens) and epipelic (growing on mud) algae: Oedogoni-
um, Mougeotia, Tabellaria, Anabaenopsis, Stylopyxis 
etc. Occasionally, Glaucocystis clung to the filament of 
Oedogonium (Fig. 26).

The outer habitus of Glaucocystis is the same as 
of the chloroccocal alga Oocystis. Young solitary cells 
are of oval shape with a rather thick cell wall without 
any perceptible thickenings (Figs 22, 25, 28, 31). The 
wall of some cells starts to thicken on cell poles (Fig 
27). These polar thickenings become outstanding on 
the poles of the big cells containing autospores (colo-
nies) (Figs 23, 24, 29), and rarely, only one cell pole 
is thickened (Fig. 32). After some time the wall of a 
colony cracks, thus releasing  the autospores (Fig. 30). 
The innner structure of Glaucocystis  differs from that 
of Oocystis. There are no chloroplasts but conspicuos 
blue–green elongated corpuscles – indubitable cya-
nelles. They are elongated, vermiform twisted, most-
ly club–shaped with distant ends thicker. In mature 
cells cyanelles are radially composed by slender ends 
around the lucid central space covered with minute 
granula; it is evidently a vacuole. In this way cyanel-
les make fan–like formations, normally one in every 
cell. Their composition may by chaotic in autospores 
or in young cells (Fig. 28). Uncommonly there are two 
„fans“ of cyanelles in one cell, which is probably the 
first phase of cell division (Fig. 26). A few colourless 
grains scattered in cytoplasm are probably products of 
photosynthesis.

Figs 8–14. Chroomonas nordstedtii Hansgirg: (8a) lateral view, (8b) 
ventral view of the same specimen, (9–13) lateral views, (14) con-
tour of the equatorial cell level.
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The solitary cells in my material were 20.5–22 (average 
21.2) µm long and 9.5–13.5 (av. 11.3) µm wide. The 
colonies were 29–36 (av. 31.8) µm long and 22–30 (av. 
24.8) µm wide. The autospores (cells within colonies) 
were 15–20.5 (av. 17.4) µm long and 8.3–12 (av. 9.6) 
µm wide. The cyanelles were about  5 µm long and 1.3 
µm wide.

Discussion

Cryptomonad–like flagellates with endocyanelles
The first discovered  species of this group was Cryp-
toglena americana B. M. Davis (1894), renamed later 
on Cyanomonas americana (B. M. Davis) Oltmanns 
(1904). Originally it was collected from salt marshes 
in Massachusetts, USA, but later it was detected in fre-
shwaters  and several new species have been described. 
In the present time it is cultivated and the nukleotide 
sequence was published by Moran (2003). Originally 
Cyanomonas was recognized as a distinct genus be-
longing to the class Cryptophyceae. Cyanomonas  po-
ssesses  several (up to 10) discoid blue–green plastids 
which are supposed to be endocyanelles.  

Korshikov (1924) described the new genus 
with two species: Cyanophora paradoxa, the fresh-
water flagellate with two spherical cyanelles, and Cy-
anophora tetracyanea with strongly dorsoventrally 
flattened cells, each containig four cyanelles. C. tetra-
cyanea was later recognized by Skuja (1956, p. 353). 
Pascher (1929: p. 408) wrote about this genus: „Es ist 
nicht mit sicherheit zu behaupten, dass hier ein siche-
rer Fall von Endosyncyanose vorliegt.“ However, C. 
paradoxa was later cultivated and has undergone an 
investigation by modern methods. The research on 
Cyanophora paradoxa is summarized by Fogg et al. 
(1973). It was found that endosymbionts in the flage-
llates are surrounded intracellularly by a thin limiting 
membrane only, in contrast to free living Cyanobacte-
ria. The chromatoplasm of cyanelles shows the typice 
lamellar arrangement found in Cyanobacteria. Müller 
et al. (1997) ascertained that cyanelles in Cyanophora 
paradoxa contain the set of pigments characteristic for 
Cyanobacteria, namely chrophyll–a, phycobiliproteins 
(phycocyanin), and carotenoids. Phycobiliproteins 
serve as storage material of assimilated carbon, instead 
of starch in green algae. Moreover R. E. Lee (2008) 
discovered that in Cyanophora paradoxa „nitrogen fi-
xation occurs alongside the primary function of photo-
synthesis“. This is another evidence that Cyanobacteria 
are present.

Playfair (1925) described the species Cryp-
tomonas gemma containing two  „chromatophores“, 
probably cyanelles. Huber–Pestalozzi (1950, s. 36) 
mentions it as the „uncertain species“ Chroomonas ge-
mma (Playfair) Pascher.  On the other hand, Pascher 
(1929: 409) wrote:  „Chroomonas gemma…ebenfalls 

einen weiteren Fall von Endocyanose darstellt.“ Play-
fair´s species is most probably identical with  Cyano-
phora paradoxa Korshikov.

Pascher (1929) described two new genera and 
species  of colourless flagellates containing endocya-
nelles, namely Cryptella cyanophora and Peliaina cy-
anea. The morfology of their cells, two unequally long 
flagella, apical contractile vacuole, ventral ejectosomes 
(Cryptella), and nucleus with nucleolus in antapex  
correspond to Cryptophyceae. Nevertheless Pascher 
(1929) did not assume any phylogenetic relationships 
between these genera and cryptomonads, and suppo-
sed that the morphological similarities are the result of 
evolutionary convergence (Novarino 2003). Both ge-
nera were collected by Pascher in Czech and Austrian 
peatbog puddles and probably have not been recogni-
zed by any researchers since that time. Therefore no 
ultrastructural or molecular information is available.
The most recent works have been interpreted so that 
primary plastids indicate the monophyletic origin of 
Glaucophyta, in spite of the striking similarities with 
other algae. However, „there is some support for a mo-
nophyletic origin of plastids, but some analyses indi-
cate polyphyly“ (Howe et al. 2008). My observation 
is not able to bring any new information in this discu-
ssion. It is only confirming the existence of Pascher´s 
genus and species Cryptella cyanophora. Yet, in both 
cases of glaucophytes observed, the convergence with 
other algae – Cryptella with Cryptomonas and Glauco-
cystis with Oocystis – was quite remarkable.

Cryptella cyanophora is according to Pascher 
(1929) a colourless flagellate having characteristic sha-
pe of cryptomonads: wider apex with slight subapical 
depression on the cell venter, into which two unegual 
flagella are inserted. The contractile vacuole is situated 
within the  rounded apex.  The antapex is attenuated 
and contains the rounded nucleus. Pascher observed 
two parallel rows of tiny ejectosomes running down 
the cell venter. There was one single bluegreen sphe-
re, probably endocyanelle, approximatly in the middle 
of the cell. The cells were 14–18 µm long and 8–12 
µm wide and thick. Novarino (2003) mentioned that 
Cryptella is a rare monospecific genus which is known 
exclusively from Pascher´s original observation. So 
my observation of C. cyanophora (Figs 1–2) is proba-
bly the first confirmation of Pascher´s genus and spe-
cies. Nevertheless, the newly described species Cyano-
phora kugrensii Takahashi et Nozaki (Takahashi et al. 
2014) might be just another observation of Cryptella 
cyanophora.

Peliaina cyanella Pascher is similar cryptomo-

Figs 15–21. (15–18) Gymnodinium aeruginosum Stein: (15a) ventral 
view, (15b)  contour of the equatorial cell level of the same spe-
cimen, (16–17) ventral views, (18) lateral view; (19–21) Amphidi-
nium amphidinioides (Geitler) Schiller: (19a) ventral view, (19b) 
contour of the equatorial cell level of the same specimen, (20–21) 
ventral views.
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nad–like flagellate, a bit more robust than Cryptella, 
with cells widely rounded on both ends, 18–27 µm 
long and 10–13 µm wide and thick. The pair of une-
qual flagella, apical contractile vacuole and antapical 
nucleus with nucleolus are similar to the preceding ge-
nus. In Peliaina, however, the autor did not observed 
any ejectosomes. The cells contained several, up to six, 
spherical cyanelles. The cyanelles and flagellate usua-
lly divided simultaneously.

The pictures of the above named species may 
be found in good compedia of Cryptophyceae, e.g. by 
Starmach (1974).

Cryptomonads with blue–green chloroplasts
There are genera of Cryptophyceae with plastids of 
clear blue–green coulouring which are certainly not 
endocyanelles. While Cyanobacteria have only chloro-
phyll–a, these cryptomonads possess also chlorophyll-
–c, which is typical for the whole kingdom Chromi-
sta proposed  and defined by Cavalier–Smith (1997, 
2002). 

Chromista are not closely related to the other 
algae nor to higher plants. In addition to the chloro-
phylls they carry various other pigments giving them 
their characteristic brown, golden, red, or blue–green 
colour. The reserve material of them is not starch. They 
are the prevailing photosynthetic organisms (along 
with many heterotroph members) in both marine and 
freshwater ecosystems. As a matter of fact, the „king-
dom“ is just a promotion of the older tribe Chromophy-
ta, which comprised the same algal groups on the level 
of classes. However Fott (1971) classified the class 
Cryptophyceae as „flagellates of uncertain systematic 
position“. 

Moreover the research of the ultrastructure of 
cryptophycean chloroplasts demonstrated a reduced 
nucleus, called a nucleomorph. „This indicates that 
the plastid was derived from an eukaryotic symbiont, 
shown by genetic studies to have been a red alga“ – 
Rhodophyceae (Douglas et al. 2002). The presence of 
true pyrenoids in Cryptophyta supports this theory. The 
primary chloroplasts, originating from prokaryotic en-
dosymbionts (cyanobacteria), are found in most algae 
and in the higher plants. The secondary, more complex 
chloroplasts, originating from eukaryotic symbionts, 
are found e.g. in Chromista. „The origin of primary 
plastids via endosymbiosis involving a cyanobacte-
rium is well–established, but the origin of secondary 
plastids is still controversial“ (Chan  & Bhattacharya 
2010).

Therefore, in spite of the similar cell shape and 
blue–green colour of plastids, the synonymization of 
the genus Cryptoglena or Cyanomonas with the genus 
Chroomonas (Hill 1991) is not justified.

Taxonomic notes: Chroomonas  acuta Utermöhl 
(1925) is most probably the synonymum for Ch. 
caudata Geitler (1924). The shape of the cell anta-

pex was variable also in my findings. The new generic 
name and following nomeclatoric combination Kom-
ma caudata (Geitler) Hill (1991) is not valid  because  
Chroomonas caudata  has the same ultramicroscopic 
structure of periplast compound with hexagonal plates 
as the type species of the genus, Chroomonas nord-
stedtii (Novarino & Oliva 1998).

Dinoflagellates with blue–green chloroplasts
Also in another class of Chromophyta (Chromista), 
in Dinophyceae, there are some species with bright 
blue–green chloplasts. Fott (1971) wrote: „Die blau-
en Chromatophoren, die bei Dinoflagellaten (Gymno-
dinium aeruginosum) gefunden wurden, sind wahr-
scheinlich Cyanellen (symbiotische Cyanophyceen)“.  
Popovský & Pfiester (1990) admit this possible origin 
of chloroplasts in Amphidinium amphidinioides. Later 
research, however, demonstrated that the evolution of 
blue–green plastids in Dinophyceae is more complica-
ted. Schnepf et al. (1989) published about G. aerugino-
sum: „Recent research has revealed that the blue–green 
colour of ´chromatophores´ does not necessarily im-
ply that they are cyanelles, i.e. that they have directly 
descended from cyanobacteria, procaryotes. This may 
also be the result of an endocytobiotic association with 
a cryptomonad, i. e. with a phycobiline–containing eu-
caryote“. They mention that the cell of this dinoflage-
late houses an endosymbiont with typical blue–green 
cryptophycean chloroplasts, cryptophycean starch 
grains, and the cryptophycean cytoplasm which con-
tains mitochondria, vesicles and ribosomes, but no eu-
karyotic nucleus. The endosymbiont is surrounded by 
a single membrane.

Glaucocystis nostochinearum Itzigsohn (1854)
The structure of cells and colonies of Glaucocystis is 
similar if not identical with the chlorococcal alga Oo-
cystis, having , however, cyanelles instead of chloro-
plasts. Nevertheless, the contractile vacuoles were ob-
served in young autospores (Korshikov 1953), as well 
as rudiments of flagella (Schnepf et al. 1966). There-
fore the affinity of Glaucocystis to coccal green algae 
is not sure, and the above mentioned discoveries call 
attention to tetrasporal green algae (Fott 1971). 

Figs 26–29. Glaucocystis nostochinearum Itzigsohn: (26) vegetative 
cell clung to the filament of Oedogonium, having two sets of cya-
nelles, (27,28) free living vegative cells, (29) colony of autospores 
inside the mother cell wall.

Figs 30–32. Glaucocystis nostochinearum Itzigsohn: (30) colony 
with cracking mother cell wall before releasing the autospores, (31) 
free living vegative cell, (32) colony of only two autospores; the mo-
ther cell wall has thickening only on one pole.

Figs 22–25. Glaucocystis nostochinearum Itzigsohn: (22, 25) free 
living vegative cells, (23, 24) colonies of autospores inside the mo-
ther cell wall.
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Several species have been described but their real exis-
tence should be ascertained. G. oocystiformis Prescott 
differs from the type species by „numerous  chromato-
phores, irregular pads at the periphery of the cell“ and 
by „nodular thickenings of the cell wall at the poles“ 
(Prescott 1951). Prescott himself is quoting Hierony-
mus (1892) who found the similar discoid cyanelles to 
be the developmental stages in G. nostochinearum. On 
the contrary, Korshikov (1953) describes the „biscuit–
shape blue–green chromatophores“ as the only type he 
observed in G. nostochienarum. Another species G. du-
plex Prescott, is characterized by two sets of cyanelles 
in each cell which could be the development stage of 
G. nostochinearum. Nevertheless, this Prescott´s spe-
cies is unusually large and has spherical cells.
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