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ABSTRACT. This study describes 656 species of bacteria, protists, and micrometazoa occurring in the Simmelried, a three hectare-sized moorland near to the
town of Constance, southern Germany. Each species is shown by an average of
two colour micrographs. Further, the surface organization of most main groups
and many ciliate species is demonstrated by scanning electron micrographs. The
Simmelried formed after the last (Würm) ice-age, that is, about 15,000 years ago,
when a regressing glacier tongue produced a terrain with water-filled depressions
between streamlined boulder depositions. The investigations indicate that the 656
species documented represent only two thirds of the taxa actually present. Thus, a
considerable diversity accumulated over 15,000 years, emphasizing the great distribution capacity of micro-organisms. On the other hand, some common species are
lacking (e. g., the ciliate Colpidium colpoda, the euglenid Phacus pleuronectes, and
rotifers of the genera Proales and Floscularia) and many undescribed species were
discovered. While a mass of undescribed species is comprehensible in amoebas,
flagellates and ciliates, which are poorly researched, this is surprising in well-known
groups, such as euglenids and chrysophytes. Thus, we must face the possibility
that some of the undescribed species are regional or local endemics. The high species richness, including many undescribed species, suggests the Simmelried as a
regional biodiversity centre worth to be protected by law.
Supplementary key words. Autotrophic protists, bacteria, biodiversity, colour micrographs, heterotrophic protists, micro-metazoa, moorland ponds, protists, SEM
micrographs.

1. INTRODUCTION
The variety of microscopic life forms is not as obvious for a microscopist as are
plants for a botanist. The macroscopic organisms can be examined without specific
aids. Although they may be temporarily not apparent, traces, such as seed capsules,
footprints or food remnants document their presence. Thus, it is possible to record
the macroscopic biocoenosis of a biotope within a growth period. In contrast, the
microscopist is limited by the compelling requirement of tools (a good microscope
and a variety of stains), the small sample size, and the incalculable appearance
of the organisms in tightly bounded areas, the so-called microhabitats. These can
develop by a local nutrient input (e. g. fallen leaves), pH-changes, or by temperature
variations. All these factors will be superimposed by the effects of seasonal changes.
Thus, a number of regional and seasonal examinations are necessary to obtain a
detailed picture of the microscopic biodiversity of even a small biotope.
During the years 1994 to 2005, a wetland called Simmelried was investigated
for microscopic organisms, including micro-metazoa. About 800 species were
recorded; some of them are still unspecified; others are very rare; and rather many
are possibly undescribed, especially ciliates and amoebae. Thus, the Simmelried is
a diversity hot-spot worth to be protected by law.
Although being expensive and sometimes difficult, all organisms are shown by
colour micrographs to document their natural appearance and beauty. We hope, this
will stimulate amateurs and scientists to look more frequently into this fascinating,
alien world.
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2. THE SIMMELRIED
All species presented were found in the Simmelried, which is an approximately
three hectare-sized wetland in southern Germany. It is 2 km off Lake Constance,
near the village of Hegne, which belongs to the town of Constance. The position of
the Simmelried was determined using a GPS navigation system: N 47° 43.05’/E 9°
05.61’ (+/– 10 m accuracy). The area is 417 m above sea level. The Simmelried was
formed after the last (Würm) ice age, 14,000–15,000 years ago, when a regressing
glacier tongue produced a terrain with water filled depressions between drumlins
(subglacial streamlined boulder depositions). The majority of these waters turned
to moorland through a process of silting. However, the rise of the ground water
prevented the formation of a highmoor. During the last hundred years, most parts of
the moor were greatly disturbed by peat cutting. The remaining patches of peat were
filled with water and commenced to silt up again. Today, the Simmelried is present
as a silted-up moorland with a northwest main pond of about 0.5 hectare and five
small ponds near the southern border (Fig. 1). The open water surface of the small
ponds ranges from 5–50 m2. The main pond is surrounded by a belt of common
reed ( Phragmites communis) and the great fen-sedge (Cladietum marisci), as well
as by a thick mud layer. Thus, the main body of water is not accessible, except in
winter, when the water frozens (Fig. 11). The small ponds are 50–100 m away from
the large pond and are surrounded by Schwingmoor, which is mainly composed
of sphagnum moss (Sphagnum fallax) and sedge moss (Caricetum elatae and
C. appropinquatae). In summer, some of the ponds are covered with Nymphaea
alba, the white sea-lily (Fig. 2). Moreover, scotch pines ( Pinus silvestris) and some
mountain pines ( Pinus mungo) are growing in a belt about 50 meters width between
the large pond and the small ponds (Fig. 3, 8). The water of the small ponds reaches
a depth of 10–50 cm, followed by a mud layer up to 2 m deep or deeper. The mud is
mainly composed of partially decomposed plant material. At the eastern margin of
the Simmelried, a spring rises and forms a pool 4–5 m in diameter; in summer (Fig.
10), it is covered with watercress ( Nasturtium officinale). The water of the spring has
pH 7 and flows directly into the large pond. The dimensions of the spring pot and
the course of the drain into the main pond can be recognized in winter because the
flowing spring water does not freeze.
The outlet of the Simmelried is an artificial, straight canal in the northwest. It is
filled with an up to 2 m deep mud layer, and active outflow occurs only after strong
rain. Otherwise, the water stays in the canal and can even evaporate in a hot
summer. The wetland is surrounded by hills covered by an approximately 50-yearsold forest composed of beech, oak, and spruce. Near to the southwest margin of the
Simmelried rises a range of hills to a height of about 100 m. No part of the wetland
borders an agricultural area. Thus, there is no inflow of fertilizers or pesticides, and
the nutrient input takes place through the spring water, and, especially, the leachate
from the forested hills. Obviously, the leachate contains a lot of nutrients, especially
in autumn when the leaves are decomposed. The varying water composition of the
small ponds can be recognized by the different plant communities and the varying
intensity of the brownish water colour. While the water seeps to the spillway through
the Schwingmoor and the reed belt, the plants extract the nutrients, but the water
does not acidify and leaves the Simmelried with pH 7. The pH of the small ponds is
between 5 and 6. Such values were already recorded by Franke (1980), who studied
the dragonflies of the Simmelried.

4

effluent

spring

VII

I

II

III

IV

V

50 m

VI

1

2

Fig. 1, 2: Simmelried. 1: This
schematic map of the Simmelried shows the water surface of
ponds I-VII. The large pond I is
surrounded by a wide reed belt
(Phragmites communis), while the
small ponds II-VI are surrounded
by Schwingmoor composed of
great fen-sedge (Cladietum marisci) and sphagnum moss (Sphagnum fallax). The spring (VII) is at
the eastern boundary and flows
into the large pond I via a narrow
drain. A belt of reed (Phragmites
communis) and pines (Pinus silvestris, Pinus mungo) separates
the large pond from the small
ponds. 2: A view of pond II in July.
The surface of the brownish water
is covered with the white sea-lily
(Nymphaea alba).
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Fig. 3 – 5: Simmelried. 3: A view from the west side of the Schwingmoor showing
the region between the large pond I and the small pond II. 4, 5: A view taken from
the outlet canal of Simmelried in July (4) and in February (5). The bottom mud contains a rich diversity of ciliates.
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Fig.
6, 7: Simmelried. 6: In July,
the small pond VI
is
covered
with
floating pond-weed
( Potamogeton polygonifolius). The average pH is 6. In the
background, riverine
vegetation of reed
( Phragmites communis) and sedge
moss
(Caricetum
elatae,
Caricetum
appropinquatae) is
visible. 7: In midsummer, the small
pond V, which has
a diameter of about
1.5 m, is covered
with floating mud.
Under this condition,
the pond becomes
anaerobic. In comparison to the other
small ponds, the biodiversity is limited to
specialists.
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Fig. 8, 9: Simmelried. 8: Pond II in June. The water surface has a length of about
30 m. On the western end is a small island 2 m across (8, 9, arrows). The water is
brownish. Note the dense vegetation, providing “food” for the ponds and organisms.
9: In winter (February), the frozen surface offers the opportunity to examine the mud
in the middle of the pond and around the island.
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Fig. 10, 11: Simmelried. 10: The spring pot VII is near to the northeast boundary
of Simmelried and is covered with watercress ( Nasturtium officinale). The pool can
be best recognized in winter, when the edge is not fully covered with vegetation. 11:
A side view of the frozen large pond I in February. At the western end is the outlet
canal (arrow).
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3. SAMPLING AND INVESTIGATION
To investigate the microscopic organisms of the Simmelried, various sampling
techniques were used. The mud was collected with a large pipette (125 ml) from
several depths. Where open water was available, the plankton was collected with
nets of 20–65 µm mesh size. Mosses and floating plants were collected in parts or
the water was squeezed off the material. Periphytic organisms were brushed from
various alive and dead materials, such as the stem of plants and decomposing twigs
from the forest. Furthermore, microscope slides were exposed at various sites for
1–2 weeks.
The samples were collected in transparent 250 ml polypropylen vessels to allow
the observation of colonization of the vessel wall and provide sufficient light for algae
growth. The samples were investigated immediately after collecting, especially the
plankton and the exposed slides. After a first examination, the samples were stored
and protected from direct light for at least 3–4 weeks for further investigations.
Often, interesting species developed considerable abundances during this time.
Mosses and floating plants were prepared in petri dishes.
For a preliminary sorting of specimens, 1–2 ml sample were transferred to a slide
without coverslip and examined under low magnification. Interesting specimens were
selected with a pasteur pipette under permanent microscopic control and transferred
to a second slide with a drop of clear habitat water. By this technique, very small
specimens, such as flagellates and amoebae
can be selected. This would be impossible under
a dissecting microscope. To remove adherent
contaminants, clear habitat water was added and
the specimens washed several times.
12
Microaquariums were prepared for observation
of, for example, reproduction and lorica formation.
Furthermore, rare species were transferred into
microaquariums in order to obtain population
growth. To prepare a microaquarium, about 0.5 ml
of the sample were transferred to a microscope
slide and covered with a 24 x 36 mm coverslip
13
without use of any distance regulators. The
completed microaquariums were stored in petri
dishes lined with moistened cotton pads.
Samples of anaerobic mud were not filtered
because large protozoa and metazoa could be
damaged. Thus, the “slide-on-slide” method
was applied (Fig. 12–15). For this, about 2 ml of
mud are transferred on a microscope slide and a
14
second slide is put with the narrow cutting edge
at an angle of about 45° near to the edge of the
sample (Fig. 12). Then, the second slide is used to
push the sample to the opposite third of the slide
(Fig. 13). To separate the water from the mud, the
first slide is slanted by about 30°, while the second
slide is slightly (1–2 mm) tilted so that water and
15
protists can pass through the slit between the
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slides (Fig. 14, 15). The remaining mud-cake is discharged. The results depend on
particle size and mud consistency. The technique provides excellent results when
applied to organic mud with granular consistency, typically found in sapropelic
ponds.
If not mentioned otherwise, the light microscopic images were taken from living
specimens without using fixatives, dyestuffs or additives to enhance contrast and/or
viscosity. This approach ensures that delicate structures like mucous envelopes and
cilia remain intact. Moreover, the current fixation techniques often cause shrinkage
and deformation of the specimens. Some fixation reagents like glutaraldehyde
affect the refraction index. This can cause misinterpretations, particularly, when a
contrast enhancing method is used. Another advantage of live investigation is the
possibility to observe movement, which can be very characteristic and important
for identification, for instance, in amoebae. The investigations were performed
with an Olympus BX50 microscope equipped with bright field and DIC (differential
interference contrast), using high-contrast plan fluorite objectives. The micrographs
were taken with an Olympus OM-2n camera connected to an electronic flash (Metz
T32) integrated in a double collector system and arranged between lamp house and
microscope tripod. The double collector system was specially designed for the BX50
tripod by Stahlschmidt (1987, 1991) and provides a Köhler illumination for the flash
tube as well as for the lamp bulb. The major part of the images was made on 100
ASA filmstrips from Fuji (Sensia) and Agfa (Precisa CT).
Most micrographs were taken with interference contrast illumination because
it provides a sort of three-dimensional view. However, real 3D-images and high
resolution can be obtained only with the scanning electron microscope. Thus,
we added some SEM micrographs to most main groups of organisms to give the
reader an impression of the general appearance of the organisms shown. In ciliates,
which are difficult to document with conventional methods, we added bright field
micrographs of silver-impregnated specimens to show the beauty of the complex
ciliary pattern. See Foissner et al. (1991) for a description of methods.
For print, all micrographs were digitalized and, if appropriate, slightly improved
with Adobe Photoshop. We emphasize, however, that the organisms remained
unchanged, that is, only the background and/or the contrast were occasionally
improved. To keep printing costs as low as possible, one of us (Kreutz) prepared the
manuscript and micrographs camera ready.

4. THE SIMMELRIED, A PROTIST DIVERSITY HOT-SPOT
In our guide, we documented 670 species of bacteria, protists and micro-metazoa, which is only two thirds of the taxa actually seen. Certainly, further analyses
will increase this figure considerably, likely to around 1000 – 1200 species. There
is also a considerable diversity of micro-metazoa, especially of rotifers, where even
some very rare species occur, for example, Ploesoma lynceus and Taphrocampa
clavigera.
Most of the species we could not identify belong to the amoebae, heterotrophic
flagellates, ciliates, and various (mainly fungal?) endoparasites. At least 40 undescribed ciliate and amoeba species each were noticed and about 20 undescribed
flagellates. Thus, among the about 800 protist species seen, there are at least 100
undescribed. This figure is in accordance with those from other biotopes (Foissner
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et al. 2002). The richest group are the ciliates, of which about 250 species were
seen (Table 1), which is about one third of total protist diversity.
The diversity mentioned above accumulated over the 15,000 years passed since
the last ice-age. Seemingly, this provides support for the hypothesis that, in microorganisms, “everything is everywhere” (for literature and detailed discussion, see
Foissner et al. 2002). On the other hand, the Simmelried contains quite a lot of
undescribed species, while some species common in other ponds are lacking, for
instance, the ciliates Colpidium colpoda and Ophrydium versatile as well as the euglenids Phacus pleuronectes and Euglena viridis, and rotifers of the genera Proales
and Floscularia. This shows that distribution and successful colonization may need
long times. While a mass of undescribed species is comprehensible in amoebas,
flagellates and ciliates, which are generally poorly researched, this is surprising in
well-known groups, such as euglenids and chrysophytes. Thus, we must face the
possibility that some of the undescribed species are regional or local endemics,
produced by, e.g., specific habitat conditions and/or point mutations in certain conspicuous features recognizable in the light microscope.
Seen from a more general view, the Simmelried wetland can be classified as a
biodiversity hot-spot for microscopic organisms. Many rare and undescribed species
occur, suggesting that the area should be protected by law, for the benefit of genetic
resources and the scientific community.
Table 1. Ciliates from the Simmelried. 202 species were identified, but many more were seen, including
at least 40 undescribed species, some of which are shown in the plate section. Species marked by an
asterisk are shown by micrographs. See Foissner (1993), Foissner et al. (1991, 1992, 1994, 1995, 1999,
2002) and Kahl (1930 - 35), for authors and dates of species.

Acropisthium mutabile
*Actinobolina vorax
Amphileptus claparedii
Amphileptus pleurosigma
*Amphileptus procerus
*Apertospathula armata
*Apsiktrata gracilis
*Askenasia volvox
Aspidisca costata
Aspidisca lynceus
*Atopodinium fibulatum
Blepharisma lateritium
*Blepharisma musculus
*Blepharisma persicinum
*Blepharisma steinii
*Bryometopus sphagni
*Bryometopus viridis
*Bursaria truncata
*Caenomorpha medusula
*Caenomorpha sapropelica
*Caenomorpha uniserialis

*Calyptotricha pleuronemoides
*Campanella umbellaria
*Chilodonella uncinata
*Cinetochilum margaritaceum
*Coleps amphacanthus
*Coleps hirtus
Colpoda inflata
*Condylostomides tardus
*Cothurnia annulata
Cristigera media
Cristigera penardi
*Cristigera phoenix
*Cristigera pleuronemoides
Cyclidium glaucoma
Cyrtolophosis minor
Cyrtolophosis mucicola
*Dactylochlamys pisciformis
*Dexiotricha granulosa
*Discomorphella pectinata
*Drepanomonas dentatum
*Drepanomonas revoluta
(continued)
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Table 1 (continued)

*Enchelyodon monilatus
*Epalxella antiquorum
Epalxella exigua
Epalxella mirabilis
Epalxella striata
*Epenardia myriophylli
*Epispathidium amphoriforme
Epistylis plicatilis
Euplotes affinis
*Euplotes diadalos
Euplotes muscicola
*Euplotes patella
Frontonia acuminata
Frontonia angusta
*Frontonia atra
*Frontonia leucas
Furgasonia rubens
*Gerda crassicaule
*Glaucoma frontata
Glaucoma scintillans
*Halteria grandinella
*Heliophrya minima
Hemicyclium lucidum
*Histiobalantium majus
*Histiobalantium natans
Holophrya discolor
*Holophrya ovum
*Holophrya teres
Holosticha monilata
*Holosticha pullaster
*Homalozoon vermiculare
*Ileonema simplex
*Kahlilembus attenuatus
*Kreutzophrya sphagnicola
*Lacrymaria olor
Lacrymaria sapropelica
*Lagynus elegans
*Lembadion lucens
Lembadion magnus
Litonotus cygnus
*Loxocephalus luridus
Loxodes magnum
*Loxodes rostrum
*Loxodes striatus
*Loxophyllum helus
*Loxophyllum meleagris

*Luido parvulus
*Mesodinium acarus
*Metacineta cuspidata
*Metacineta mystacea brevipes
*Metacystis lagenula
*Metopus acidiferus
Metopus angustus
Metopus bacillatus
*Metopus campanula
Metopus caudatus
Metopus es
Metopus extensus
Metopus fastigatus
Metopus fuscus
Metopus gibbus
*Metopus laminarius
*Metopus mucicola
*Metopus nasutus
*Metopus propagatus
*Metopus pulcher
Metopus pullus
Metopus rediculus
Metopus rostratus
Metopus setosus
Metopus spinosus
Metopus tenuis
*Metopus vestitus
*Microthorax costatus
*Microthorax pusillum
*Microthorax viridis
Monilicaryon monilatus
*Mylestoma anatinum
*Mylestoma discoideum
*Mylestoma pusillum
Mylestoma uncinatum
Nassula ornata
*Nassulopsis elegans
Obertrumia aurea
*Ophryoglena flava
*Opisthodon niemeccense
*Paracondylostoma setigera chlorelligerum
Paramecium aurelia-complex
*Paramecium bursaria
Paramecium caudatum
*Paramecium putrinum
*Parapodophrya soliformis
(continued)
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Table 1 (continued)

*Paraurostyla weissei
*Pelagostrombidium viridis
*Pelagothrix plancticola
*Pelatractus grandis
*Pelodinium reniforme
Penardiella interrupta
*Phacodinium metchnikoffi
*Phialina pupula
*Plagiopyla nasuta
*Platycola decumbens
*Platyophrya sphagni
*Pleuronema coronatum
*Podophrya parasitica
*Prorodon niveus
*Pseudoblepharisma tenue viridis
*Pseudochilodonopsis piscatoris
*Pseudocyrtolophosis alpestris
*Pseudovorticella fasciculata
*Rhabdostyla inclinans
*Rhinothrix barbatula
*Rhinothrix porculus
*Saprodinium dentatum
Saprodinium integrum
Saprodinium putrinum
*Saprodinium reniforme
*Sathrophilus vernalis
*Scyphidia constricta
*Spathidium chlorelligerum
Spathidium stammeri
*Sphaerophrya parurolepti
*Sphaerophrya stentori
*Spirostomum ambiguum
*Spirostomum caudatum
*Spirostomum minus
*Spirostomum semivirescens

*Spirostomum teres
*Stentor amethystinus
*Stentor coeruleus
*Stentor fuliginosus
Stentor igneus
*Stentor muelleri
Stentor multiformis
*Stentor niger
*Stentor polymorphus
*Stichotricha aculeata
*Stichotricha secunda
*Strobilidium caudatum
Stylonychia mytilus
Stylonychia pustulata
*Thuricola folliculata
*Thylakidium pituitosum
*Trachelius ovum
*Trachelophyllum sigmoides
*Trichodina pediculus
*Trichospira inversa
*Trithigmostoma cucullus
*Tropidoatractus acuminatus
*Urocentrum turbo
*Uroleptus caudatus
*Urotricha agilis
Urotricha armata
Urotricha ovata
Urozona buetschli
*Vaginicola subcrystallina
*Vaginicola tincta
*Vasicola ciliata
*Vorticella chlorostigma
*Vorticella convallaria
*Vorticella convallaria citrina
Vorticella striata
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5. BACTERIA AND PROTIST PLATES

Histiobalantium natans
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Fig. 1 – 3: Bacteria. Bacteria are a procaryotic live form and play a significant
role as decomposer of organic matter
and as food for protozoans and metazoans (e.g. ciliates, flagellates and rotifers). Often, they occur in communities
composed of a variety of shape types.
1: These about 25 µm long spirilles are
accompanied by chains of 5–7 µm long,
rod-shaped bacilli. The spirilles are flagellated at both ends (F). 2: Floating mud
contains a rich diversity of streptococci
(2 µm, arrow), micrococci (2 µm, arrowheads), and encapsulated, C-shaped
vibrios (3 µm, VB and inset). 3: The narrowly coiled and fast-moving spirochaetes are up to 100 µm long but only 1 µm
thick. F – flagella (fimbria), VB – vibrios.
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Fig. 1 – 7: Bacteria. The anaerobic mud of Simmelried is inhabited by some large sulphur bacteria. 1, 2:
Achromatium oxaliferum, a 50–80 µm (!) long species
shown in two focal planes, is studded with spherolites
of calcium carbonate. The mass gain by the spherolites helps A. oxaliferum to stay in the deep layers
of the mud. 3 – 5: Macromonas contains calcium
carbonate bodies like Achromatium, but has a single
flagellum (5, arrow). Macromonas bipunctata (3) is
about 15 µm long, while the slightly curved M. nobilis
(4, 5) reaches 25 µm. 6, 7: Sulphur bacteria are often
yellowish or greenish and studded with spherolites
of sulphur. This unidentified species occurs either in
large, encapsulated colonies (6), composed of hundreds of about 10 µm long cells (6, inset), or in scattered groups of 10–15 µm long cells (7).
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Fig. 1 – 5: Bacteria. Photosynthetic sulphur bacteria
are often red or pink. This is caused by carotinoids,
which cover the green colour of the bacteriochlorophyll (2). 1: Rhodochromatium roseum is a motile,
20–50 µm long, purple sulphur bacterium with a
distinct flagellum (F) and many sulphur granules
(SL). 2: A colony of Thiopolycoccus accompanied
by greenish, photosynthetic sulphur bacteria (arrowheads). 3: Lampropedia forms folded, monolayered
mats. Each bacterium is about 3 µm long and has a
gas vacuole to improve buoyancy. 4: Spherical colonies (20–40 µm) formed by an unidentified coccal
species with a diameter of only 1 µm. 5: A common
species in Simmelried is this unidentified purple sulphur bacterium, which is 5–10 µm long and forms
irregular aggregations of hundreds of cells. F – flagellum (fimbrium), SL – sulphur granules.
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Fig. 1 – 5: Cyanobacteria. The cyanobacteria are photosynthetic, single-celled
or colonial prokaryotes. Frequently, they live in a mucous sheath. Different groups
contain various photosynthetic pigments like chlorophyll (a) or phycocyanin, which
are responsible for the blue-green colour. Some genera are able to fix nitrogen
in specialized cells termed heterocysts (5, arrow). The thickened wall of the
heterocysts protects the protein nitrogenase from being damaged by oxygen. 1: The
ellipsoidal cells of Aphanothece nidulans are 5–8 µm long and are embedded in an
irregularly formed mucous sheath. The colonies can contain hundreds of cells. 2:
The trichomes of Nostoc zetterstedtii are contorted within a sharply contured, slimy
colony (arrowheads). Some about 12 µm-sized heterocysts (arrows) are scattered
over the chain of barrel-shaped cells. 3 – 5: Anabaena spp. are similar to Nostoc, but
each trichome is covered by a very hyaline mucous sheath not recognizable in the
micrographs. The heterocysts can be spherical (4, arrow) or ellipsoidal (5, arrow).
The contact points to the adjacent vegetative cells are thickened (5, arrowheads).
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Fig. 1 – 5: Cyanobacteria. 1 – 3: Merismopedia spp. form tabular colonies with a
sharply contured mucous sheath (1, arrow). The quadrangular colonies of M. elegans
(1) reach up to 4 mm and comprise hundreds of cells 7–9 µm across. Merismopedia
glauca (2, 3) forms much smaller colonies with up to 16 cells. The olive-coloured cells
are 3–6 µm across and become dumb-bell shaped during division (3, arrowheads).
4, 5: Gomphosphaeria spp. build colonies with a central system of branched stalks
(4, inset; 5, arrowhead) with spherical or oval cells at the ends. The irregular colonies
of Gomphosphaeria botrys (4) are 50–150 µm in diameter and composed of several
subcolonies. The cells are 4–5 µm across and peripherally arranged. The drop-shaped
cells of Gomphosphaeria aponina are 4–15 µm long and form cordiform couples when
dividing (5, arrows). The colonies have a diameter of 30–60 µm.
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Fig. 1 – 4: Cyanobacteria. 1: Chroococcus giganteus reaches 60–80 µm in diameter and is one of the largest cyanobacteria in Simmelried. The cells are covered
with a lamellated mucous envelope (arrow), and the the plasm is olive-green or
grey-green. The specimen depicted is in division, showing the distinct cleavage
furrow. 2: Synechococcus diachloros is 15–30 µm long and can be distinguished
from Chroococcus by the absence of a mucous envelope. Note the longitudinal
chromatoplasm. 3, 4: Coelosphaerium kuetzingianum forms hollow globules 80–100
µm across. The globules are formed by a monolayer of 2–4 µm-sized cells and are
covered by a distinct, 4–5 µm thick mucus layer (3, arrow).
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Fig. 1 – 7: Cyanobacteria. 1, 2: Calothrix forms tapered, about 500 µm long trichomes aggregated to conspicuous bundles (1). The trichomes are covered by a mucous sheath, which elongates to a hyaline, tapered tube (2, arrows). 3: The filaments
of Cylindrospermum majus are composed of vegetative cells (VC), spores (SR), and
heterocysts (HC). The about 20 µm long spores are an asexual dispersal stage. 4:
The spiral trichomes of Spirulina are 4 µm wide and lack a mucous sheath. 5: Plectonema tomasinianum has a distinct mucous sheath. The 11–22 µm wide cells of the
trichomes are separated by granular cross walls. 6: Oscillatoria princeps is one of the
largest cyanobacteria. The trichomes are 20–70 µm wide and have slightly tapered
ends. The individual cells are comparatively flat, producing a dense transverse striation. 7: This specimen of Anabaena spec. is likely affected by Phlyctidium anabaenae,
an about 7 µm-sized fungus with a distinct nucleus (N). HC – heterocyst, N – nucleus,
SR – spore, VC – vegetative cells.
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Fig. 1 – 3: Cyanobacteria. Oscillatoria chlorina is a common member of the genus
in the mud of Simmelried. The trichomes are composed of cylindrical cells with a
size of 3–8 x 3–5 µm. The dense transverse striation of the cell wall possibly causes
the anisotropic properties, that is, the wonderful coloures in differential interference
contrast (1). When a spirally coiled specimen is observed between crossed polarizing filters, a Maltese cross-shaped interference pattern appears (2). At higher
magnification, the hyaline cell end (3, arrow) and the narrow transverse striation of
the cell wall become visible. The real colour of O. chlorina is yellowish green and
recognizable in bright field (3).
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Fig. 1 – 3: Chrysophytes. Uroglena forms free-swimming colonies with cells arranged in the periphery of a gelatinous matrix. The cells have two flagella of different
length and a yellowish to greenish chloroplast. Uroglena can be distinguished from
Synura by the absence of siliceous scales. 1, 2: Uroglena volvox is common in Simmelried and occurs in 40–400 µm long colonies with > 100 cells. A minute eyespot
(E) is at the anterior end of the spiralized chloroplast. The posterior end tapers to a
filament (FI). 3: Uroglena americana forms slightly irregular colonies 150–300 µm
across. The cells and some globular cysts (CY) are loosely spread on the surface of
the colony. CY – cysts, E – eyespot, F – flagellum, FI – filament, N – nucleus.
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Fig. 1 – 3: Chrysophytes.
A
likely
undescribed
species of chrysophytes
occurs between floating plants of Simmelried.
The columnar colonies
are up to 1 mm long and
are made from bundles
of long, gelatinous tubes,
which reach beyond the
flagella (1, 3, arrows). At
the end of each tube is the
monad, which has a chloroplast and two flagella of
different length. The 24–
34 µm long monads are
attached to the tube with
a filamentous (FI) body
elongation. Frequently, the
colonies are branched in
the lower third (2, arrow).
Possibly, individual tubes
fuse in an early stage of
growth. FI – filament.
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Fig. 1 – 5: Chrysophytes. Synura is one of
the most common planktonic chrysophytes.
Blooms of Synura (1) can turn the water brownish and make it smell like ripe cucumbers. The
colonies are composed of 10–100 cells covered
by minute, siliceous scales lacking in Uroglena.
1, 2: Synura uvella has ovoid, 20–40 µm long
monads with the tapered ends (2, arrow) connected in the centre of the colony. The scales
have a very short spine. 3, 4: The scales of S.
spinosa have longer and thus distinct spines
(4, arrow). The clavate monads are 20–40 µm
long. 5: Synura sphagnicola is 15–20 µm long
and has conspicuous, red oil droplets in the
anterior end. LE – leucosin.
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Fig. 1 – 5: Chrysophytes. 1 – 3: Mallomonas is a planktonic monad and is covered
with siliceous scales often having long spines. 1: Mallomonas caudata is 40–100 µm
long and has long, straight spines with a serrated distal end (arrows). 2: Mallomonas
acaroides is 20–45 µm long and has 12–20 µm long, curved spines. 3: Mallomonas
insignis is covered with overlapping, dish-shaped scales (inset) having spines only
in the anterior region of the ~ 90 µm long cell (arrowhead). The body is tapered to
a blunt tail from which a thread of plasm emerges (arrow). In the centre is a large
storage body of leucosin (LE). 4, 5: Dinobryon sertularia builds colonies composed
of vase-shaped, 30–45 µm long loricae. Each daughter lorica is attached to the
anterior margin of the parental lorica (4, arrow). A specimen of the colony formed a
resting cyst (5, CY) 16 µm across, and another one begins to encyst (5, arrow). CY
– cyst, E – eyespot, F – flagellum, LE – leucosin.
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Fig. 1 – 4: Chrysophytes. 1: Chrysostephanosphaera globulifera makes colonies
30–90 µm across and composed of a maximum of 16 cells. The cells are 8–10 µm
in size and are arranged in a layer enclosed in a gelatinous coat containing “excretion granules” (arrow). Bristle-like filopodia arise from the colony (arrowheads). 2,
4: Rhizochrysis nobilis (15–25 µm) is an amoeboid chrysophyte with many radiating, granulated filopodia (2, arrows). The single chloroplast is cup-shaped and surrounds the nucleus (4, N). 3: Derepyxis ollula var. minuta is a sessile, 10–15 µm
long chrysophyte in an ovoid lorica, from which some branched filopodia (arrows)
emerge through a minute, apical pore. CV – contractile vacuole, LE – leucosin, N
– nucleus.
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Fig. 1 – 8: Chrysophytes. 1 – 4: These are free-swimming chrysophytes with one
(Chromulina) or two flagella (Ochromonas). 1: Chromulina freiburgensis is 9–15
µm long and has a ribbon-shaped chloroplast with lobes at both ends (arrows). 2:
Chromulina obconica measures only 7 µm and has an oblique anterior end (arrow).
3: Ochromonas klinoplastida is 12–18 µm long and has a squared shape and a
trailing flagellum (TF). 4: Ochromonas perlata is 15–25 µm in size and has a peripheral layer of refractive granules. 5: Mischococcus confervicola builds colonies
of branched, mucuos stalks containing three or four coccoid cells 5–8 µm across
at the distal end. 6: Likely, this is Stichogloea with coccoid cells 11–15 µm across
and embedded in a gelatinous sheath. The branched chloroplast is in the centre
(arrow). 7, 8: Hyalobryon lauterbornii occurs in clustered colonies (7) attached to a
substrate. The vase-shaped lorica is 25–50 µm long and composed of overlapping
growth rings (8, arrowheads). The monads, which are 8–12 µm long, and have a
characteristic apical lip (7, arrow), are attached to the lorica base by a long filament
(8, FI). E – eyespot, FI – filament, TF – trailing flagellum.
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Fig. 1 – 2: Diatoms. Diatoms are single
celled algae living in a shell of silica (frustule). The siliceous wall has a complex
pattern of perforations. The chloroplast
appears yellowish or brownish due to the
abundance of carotinoid pigments. The
carbohydrate reserve is chrysolaminarin,
like in chrysophytes and xanthophytes.
Diatoms can be attached to a substrate
by a gelatinous stalk or joined to chains.
Some species are capable of active
movement by secretion of slimy material along a slit-like groove called raphe.
1: The mass production of Cyclotella
kützingiana is limited to the spring water in the east of Simmelried. Some of
the specimens, which are 10–45 µm in
diameter, are seen from the narrower
girdle view (arrows). The cells can be
stacked like coins by their valve sides. 2:
Cymatopleura solea is 30–300 µm long
and is easily recognized by the waisted
shape. The margin of the brownish chloroplast is lobate. This specimen is covered with very small diatoms (6–8 µm)
of the genus Achnanthes (arrowheads).
CH – chloroplast.
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Fig. 1 – 4: Diatoms. Members of Cymbella can be recognized by the asymmetric
shape and raphe (RA). Often, the species are crescentic. 1: Cymbella ehrenbergii,
which is 50–225 µm long and one of the largest members of the genus, is common
in the mud of Simmelried. 2, 3: Cymbella helvetica in two focal planes. The species,
which is 40–160 µm long, is attached to plants by a gelatinous stalk (3, ST). 4: The
20–60 µm long Cymbella gracilis is often attached to the gelatinous tubes of rotifers
(e.g. Collotheca) or ciliates (e.g. Stentor). N – nucleus, RA – raphe, ST – stalk.
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Fig. 1 – 5: Diatoms. 1, 2: Members
of the genus Tabellaria are adapted to
live in acidic water and occur in zigzagging chains of tabular cells connected
by gelatinous slime (1, 2, arrowheads).
The chloroplasts are golden by the
carotinoid fucoxanthin. The genus can
be distinguished from zigzagging chains
of Diatoma by the central inflation of the
valve side. The cells of T. fenestrata (1)
are 30–140 µm long and are elongate
quadrangular. Tabellaria flocculosa (2)
is almost square with an edge length of
10–50 µm. The cells are divided by septa
into several sections (arrows). 3, 4: The
raphe of Nitzschia is displaced towards
the valve margin. The needle-shaped N.
acicularis (50–150 µm) and the sigmoidal N. sigmoides (160–500 µm) occur
in the mud of Simmelried. 5: Pinnularia
interrupta is 20–80 µm long and can
be distinguished from similar species of
Stauroneis by the absence of a thickened
central nodule. RA – raphe.
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Fig. 1 – 7: Diatoms. 1, 2: Gomphonema acuminatum is 20–70 µm long and forms
a branched gelatinous stalk attached to various substrates (1). The frustule appears
waisted in valve view (2, arrowhead) and wedge-shaped in girdle view (2, arrow). 3:
Valve- and girdle-view of Gomphonema spec. in the scanning electron microscope.
4, 5: Cocconeis placentula, shown in the light (4) and scanning electron microscope
(5), covers every kind of substrate. 6: The frustule of Achnanthes minutissima is
5–25 µm long and has capitated ends. Masses of this species were found on the
spawn of frogs. 7: The curved frustule of Eunotia lunaris is 20–150 µm long and
finely striated. ST – stalk.
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Fig. 1 – 8: Euglenids. Euglenids have a conspicuous, red eyespot and may contain large parasites, possibly fungi (arrows). 1 – 5: Euglena acus is about 190 µm
long, contains conspicuous starch (paramylon) grains (arrowhead), and divides
longitudinally (3). 6, 7: Euglena tripteris is 70–140 µm long and has a three-ridged
or band-like shape. The discoidal chloroplasts are under the striated pellicle (7). 8:
Euglena variabilis is only 50 µm long, but has a comparatively long flagellum and
large eyespot. CH – chloroplasts, CV – contractile vacuole, E – eyespot, F – flagellum, N – nucleus.
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Fig. 1 – 6: Euglenids. Euglena oxyuris (syn: charkowiensis) in the scanning electron microscope (1 – 3) and from life (4 – 6). The species is 170–490 µm long and
has a slightly twisted body with keel-like ridges (1, arrowheads). The pellicle is rigid
(ametabolic) and longitudinally striated (3). 1, 4: Freely motile specimens in nearly
same position. The flagellum is about 100 µm long. 2: Detail of the mouth opening.
5: Immobile specimen with a mucous coat (arrowheads). 6: In some specimens of
E. oxyuris, a parasitic cell (arrow), which looks similar to the nucleus, is visible. E
– eyespot, F – flagellum.
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Fig. 1 – 6: Euglenids. 1 – 3: Euglena ehrenbergii is a 240 µm long member of the
genus and ideal for observing the striated pellicle and discoidal chloroplasts (2).
When squashed, the oblong starch (paramylon) grains become distinct (3). 4: Euglena spathirhyncha, which is only 50 µm long and is fusiform, has a large, red eyespot. The anterior end is obliquely truncate and the body contains some ellipsoidal
paramylon grains (4, arrowheads). 5, 6: Euglena sanguinea is about 140 µm long
and contains many red granules. Thus, it causes red water blooms when occuring in
high numbers. When conditions become adverse, it forms a special, globular resting
(palmella) stage (6). CH – chloroplasts, E – eyespot, F – flagellum.
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Fig. 1 – 8: Euglenids. 1 – 3: Euglena convoluta is 120 µm long and is a rare species with seven to nine concave paramylon grains (2, arrowheads). In squashed
specimens, an oblong type of paramylon becomes visible (3, arrows). 4: Euglena
sociabilis, which is about 70 µm long and has a blunt tail, contains irregularly shaped
chloroplasts. 5, 6: Euglena spirogyra (140 µm) has a conspicuously spiraled pellicle and contains only two large paramylon grains (arrowheads). 7, 8: Euglena
hemichromata, which is about 90 µm long, is characterized by the location of the
chloroplasts: either parietally (7) or in posterior half (8). E – eyespot, F – flagellum,
N – nucleus.
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Fig. 1 – 5 : Euglenids. 1: Euglena texta is 45–55 µm long and has a broadly ellipsoidal shape with a short tail (arrow). The centre of the cell is studded with paramylon grains, while the discoidal chloroplasts are radially arranged. 2, 3: The chloroplasts of Euglena purpurea, an about 170 µm long species, are aligned in spiral
rows and do not extend into the bluntly pointed posterior end (2). This feature is lost
in flattened cells (3, by coverslip pressure) which show the large amounts of haematochrome between the chloroplasts. 4, 5: Euglena mutabilis is about 90 µm long
and sometimes abundant in the mud. This species lacks flagella and thus moves
metabolically. E – eyespot, F – flagellum, N – nucleus, PM – paramylon grains.
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Fig. 1 – 6: Euglenids. Trachelomonas comprises euglenids enclosed in a lorica
with an apical pore through which a long flagellum emerges. The lorica can be ornamented with warts or spines and is often brownish by ferric deposits. 1: Trachelomonas armata is about 50 µm long and shows a ring of long spines at the posterior
end and an area of short spines around the flagellar opening. 2, 3: Trachelomonas
hystrix in from life (2) and in the scanning electron microscope (3). The lorica of
T. hystrix is about 30 µm long and armed with long spines on the collar and at the
anterior as well as the posterior end. 4 – 6: The taxa of the Trachelomonas hispida
complex (25–35 µm) have a short collar and globular to ellipsoidal loricas, which are
smooth or coverd with very short spines. CO – collar, E – eyespot, F – flagellum.
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Fig. 1 – 6: Euglenids. 1: The about 20 µm long lorica of Trachelomonas mucosa
var. hyalina is smooth and colourless. The typical slime coat is not visible in this
specimen. 2: Trachelomonas caudata is about 40 µm long and has a blunt spine on
the posterior lorica end. 3: The brownish lorica of Trachelomonas hexangularis is
35 µm long and is formed like an elongated hexagon. 4, 5: Trachelomonas superba,
which is common in Simmelried, is about 50 µm long and is thus a comparatively
large member of the genus. The lorica is covered with numerous minute spines,
which are elongated at the lorica’s ends and on the collar (4, arrowhead). The
apical view (5) shows the lorica opening (arrowhead) for the long flagellum. 6:
Trachelomonas volvocina is about 20 µm across and can be so abundant that it
colours the water brownish. This species is known to collect high concentrations of
iron from the ambient water. E – eyespot, F – flagellum.
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Fig. 1 – 7: Euglenids. 1 – 3: Cyclidiopsis acus is about 200 µm long and an osmotrophic member of the euglenids without chromatophores. The ametabolic cell
occurs in elongated (1) or curved forms (2). The anterior end is slightly widened and
shows an emergent flagellum (3). The paramylon “grains” are long rods or needles.
4: Lepocinclis texta (40 µm) is ovoidal and lacks a tail. Large amounts of paramylon
are deposited in discodial grains. 5 – 7: Lepocinclis ovum (25 µm) has a blunt tail
and large paramylon rings. The cell surface is helically striated (6), and the apical
view shows the porus from which the flagellum emerges (7, arrow). E – eyespot, F
– flagellum, PM – paramylon.
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Fig. 1 – 6: Euglenids. The genus Phacus is distinguished from Euglena by the flattened and rigid body. 1: The elliptical Phacus lismorensis is about 140 µm long and
lives in mud. It has a long, almost straight tail. 2 – 4: This are likely variations of P.
lismorensis with either a curved (2) or a short tail (3). The specimens are 118 µm
(2) and 102 µm (3) long and have a longitudinally striated pellicle (4). 5, 6: Phacus
orbicularis is about 40 µm long and occurs among floating algae and plants. It has
a large, discoidal paramylon grain accompanied by a smaller one (5, arrows). The
dorsal side shows a prominent ridge (6, arrowheads). CH – chloroplasts, F – flagellum, N – nucleus.
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Fig. 1 – 3: Euglenids. Phacus torta from
life (1) and in the scanning electron microscope (2, 3). The species is 80 –100 µm
long and has a strongly twisted body with
a long tail. The centre of the cell contains
a small, but prominent paramylon grain
(1, arrowhead). The longitudinal crests of
the pellicle follow the twisted shape. The
scanning electron microscope reveals
a fine transverse striation between the
longitudinal crests (2, 3). F – flagellum, N
– nucleus.
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Fig. 1 – 3: Euglenids. 1 – 3: The
long, prominent tail makes Phacus
longicauda (170 µm) to one of the
most characteristic members of
the genus. The cell is studded with
small paramylon grains surrounding
a centrally located “dominant” grain.
In some populations (especially in
winter and spring), the centre is occupied by a large parasite (2, 3). Obviously, the parasite has no adverse
effect on motility, because the flagellum is still beating (2). In squashed
cells, the nucleus appears enlarged
(3). Possibly, the parasite is identical
with that one observed in Euglena
acus and Euglena oxyuris. F – flagellum, N – nucleus, PA – parasite, PM
– central paramylon grain.
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Fig. 1 – 5: Euglenids. 1, 2: Pringsheim created the genus Hyalophacus for species
with the characteristics of Phacus, but without chromatophores. The sole member
of the genus is the about 25 µm long H. ocellatus. In lateral view, it shows a ventrally
curved tail and a large paramylon grain. 3: Phacus gigas has a leaf-shaped body
and is about 140 µm long. The chloroplasts are accumulated around the centre of
the cell. 4, 5: Phacus brachykentron is about 30 µm long and can be recognized by
the very short tail and two overlaid, central paramylon grains (arrows). A third grain
is in eccentric position (arrowhead). The pellicle is longitudinally striated (5). CH
– chloroplasts, E – eyespot, F – flagellum, PM – paramylon grain.
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Fig. 1 – 6: Euglenids. 1, 2:
The very small, about 20 µm
long Phacus skujai lacks a
flagellum, according to the
original description. However, the specimens studied
by Skuja and Skwortzow
could have lost the flagellum
because we noticed that it
detaches easily. In carefully
prepared specimens of the
Simmelried, the flagellum is
clearly recognizable (2). 3, 4:
These images likely show an
undescribed Phacus species.
It has a length of about 115 µm
and a helically striated, comparatively thick tail with blunt
end. 5, 6: Phacus platyaulax
is about 40 µm long and
asymmetric. It has two lateral
swellings, each containing a
large paramylon grain (arrowheads). The grains cause a
broad, longitudinal groove (5).
The tail is short and oblique.
With focus on the pellicle, the
discoidal chloroplasts become
visible (6). CH – chloroplasts,
F – flagellum, G – groove, N
– nucleus.
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Fig. 1 – 6: Euglenids. 1, 2: Phacus pyrum is about 40 µm long and the pyriform
body has helical ridges (1). Note the long, acute tail, which gradually forms from
trunk end. 3, 6: Phacus pseudonordstedtii is also about 40 µm long and thus similar
to P. pyrum, but the body is obovate (3) and the straight tail emerges abruptly from
the trunk (6). Typically, the paramylon is deposited in two large grains, often rings
(arrowheads). 4, 5: The flat Phacus acuminatus is about 40 µm long and broadly
rounded posteriorly, where a short, slightly curved tail emerges. In contrast to the
two species ahead, the pellicle is longitudinally striated (5). Usually, a large, discoidal paramylon grain occurs in the centre of the cell; often, it is accompanied by a
second, smaller grain in more lateral position (4). The chloroplasts of P. acuminatus
are discoidal and 2–3 µm across (5, arrows). N – nucleus.
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Fig. 1 – 9: Euglenids. Anisonema, Heteronema and Entosiphon are colourless
euglenids with two apically emerging flagella. 1, 2: Anisonema has a leading
flagellum and a longer, posteriorly directed trailing flagellum. The trailing flagellum of
the 11 µm long A. ovale is one and a half of body length (1). The trailing flagellum of
Anisonema obliquum (2), which is about 22 µm long and has an apical depression
(2, arrowhead), is five times longer than the body. 3: Likely, this 34 µm long flagellate
is Heteronema globuliferum with the leading flagellum longer than the trailing
flagellum. 4 – 7: Heteronema acus (4) has a fusiform body, while the 100–130 µm
long H. trispira is distinctly spiralized (5–7). 8: Heteronema mutabilis, which is 170–
250 µm long and highly metabolic, is one of the largest flagellates in Simmelried.
Note the trumpet-shaped oral opening from which the flagella emerge. 9: Entosiphon
sulcatum is a very common, 20–32 µm long flagellate with a conspicuous, tubular
ingestion apparatus (arrowheads). CV – contractile vacuole, FV – food vacuole, LF
– leading flagellum, N – nucleus, TF – trailing flagellum.
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Fig. 1 – 7: Euglenids. These are colourless euglenids with one flagellum. 1, 2: Peranema trichophorum is highly metabolic and has a long, thick flagellum (1). The fine
striae of the pellicle become distinct after silver nitrate impregnation. 3: Rhabdomonas
costata is 20–30 µm long and is similar to M. pellucidum, except of the oblique anterior end (arrowhead). 4: Menoidinium pellucidum, which is 35–40 µm long and rigid,
is crescentic and has a typical lip (arrowhead) at the anterior end. 5: Astasia harrisii
is 45–65 µm long and has a slightly curved, flexible body with a trumpet-shaped
anterior end. 6: Astasia kathemerios lives in the anaerobic mud. The posterior end is
bluntly pointed, while the widened anterior portion contains a paramylon grain (arrowhead). 7: Astasia breviciliata can be recognized by the short flagellum (arrowhead)
and highly metabolic body, N – nucleus, PM – paramylon grains.
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Fig. 1 – 9: Euglenids. The genera Petalomonas and Notosolenus have a rigid cortex. Petalomonas has only the leading flagellum (LF), while Notosolenus has also a
trailing flagellum (9, TF), which is close to the body. 1, 2: An undescribed, 40 µm long
Petalomonas species, which is similar to P. spinifera, but has five finger-like, ventrally
directed processes shown in ventral (1) und lateral view (2). 3: Petalomonas abscissa
var. pellucida, which is 15–30 µm long, has an oblique anterior end (arrowhead) and
parallel sides. 4: Petalomonas mira var. truncata is 25–35 µm long and has three
distinct keels extending to the posterior end. 5 – 7: Petalomonas praegnans (65–100
µm) in division (5; lateral view) and in two focal planes (6, 7; ventral and dorsal views).
8, 9: Notosolenus lagenos which is 40–50 µm long, is rounded posteriorly and dorsally, while the ventral side is almost flat. When the focus is on the cortex (9), the trailing flagellum and collected (arrowhead) as well as ingested (arrow) bacteria become
visible. F – flagellum, LF – leading flagellum, N – nucleus, TF – trailing flagellum.
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Fig. 1 – 4: Flagellates. 1: Anthophysa vegetans forms clusters of 10 – 60 cells on the
end of a flexible, brownish stalk. The globular cells are 8–10 µm across and have two
flagella of different length. 2: The vermiform colonies of Spongomonas intestinum are
up to 3 mm long. The individual flagellates are 10–13 µm in diameter (inset, arrowheads) and are embedded in a gelatinous matrix, which is interspersed with orange or
brownish granules. The arrows marks the flagella of a monad. 3, 4: The hemispherical colonies of Phalansterium digitatum form finger-like structures. The solitary cells,
which are 13–24 µm long and have a highly characteristic collar (4, CO), have one,
rarely two flagella (4, arrowhead). CO – collar, N – nucleus.
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Fig. 1 – 4: Flagellates. 1:
Rhipidodendron huxleyi is
5–10 µm long and builds
fan-like colonies composed of branched bundles
of brownish tubes. At the
tip of each tube, there is
a monad with two flagella
of different length (inset). 2
– 4: Members of the genus
Bicoeca (syn. Bicosoeca)
lack a collar around the
flagellum and are attached
to the lorica with a contractile filament. The treelike
colony of B. petiolata (2)
is composed of 10–20 µm
long monads in a champagne glass-shaped lorica. The stalk and bottom
of the brownish lorica are
thickened. The flagellum
is often spiralized (2, arrow). The stalked lorica of
B. exilis (3) is 20 µm long,
while the 10 µm long lorica
of B. lacustris (4) is pointed
posteriorly. F – flagellum,
FI – filament, ST – stalk.
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Fig. 1 – 5: Flagellates. 1: This 8–10 µm long monad lives in a
stalked lorica and is likely a member of Bicoeca. Often, masses
of this species cover filamentous algae. 2: Choanoeca is about
10 µm long and lives in a flask-shaped lorica. The monad lacks
a flagellum, but has a collar of plasmatic filaments. 3: Likely, this
is Salpingoeca in a 60 µm long lorica. The monad occupies the
anterior half of the lorica and has a filamentous collar. 4: Salpingoeca urceolata has a distinct collar (CO) with an almost straight
flagellum in the centre. The stalked lorica is about 15 µm long. 5:
Paraphysomonas vestita is about 15 µm long and covered with a
layer of siliceous platelets from which 5–10 µm long spines arise
(arrowhead). The scales suggest a relationship with the chrysophytes. CO – collar, CV – contractile vacuole, F – flagellum, N
– nucleus.
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Fig. 1 – 5: Flagellates. Some flagellates are attached to the substrate by stalks.
Often, they are colourless and feed on bacteria. 1: The branched stalks of Dendromonas virgaria are thin and hyaline. 2: Pseudodendromonas is 6–10 µm long and
has dichotomously branched stalks like Dendromonas, but the monads are covered
with a delicate mucous sheath (arrows). 3, 4: The monads of Codonocladium umbellatum are 10–15 µm long and sit on a brownish, dendroid stalk (3, arrow). The
single flagellum (4, F) is surrounded by a collar (4, CO). 5: Codonosiga botrytis is
15–20 µm long and similar to C. umbellatum, but the specimens are attached to an
unbranched stalk. The collar consists of minute rods recognizable in cells viewed
frontally (arrow). CO – collar, CV – contractile vacuole, F – flagella, N – nucleus.
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Fig. 1 – 4: Flagellates. Some colourless flagellates from Simmelried. 1: The
mucous colonies of Sphaeroeca socialis have 150–300 µm in diameter, and the
10–15 µm long, peripherally arranged monads thrive the colony through the water.
The monads are embedded in mucus and have the posterior body end modified to
a delicate stalk (inset). 2 – 4: Monas lindahlii forms irregular, 200–400 µm-sized
colonies filled with bundles of curved stalks secreted by 6–8 µm long monads (3,
arrowheads). Many colonies were attacked by amoebae of the genus Mayorella (2,
4, arrows). They leave the colony when squashed (4).
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Fig. 1 – 10: Flagellates. Freely motile flagellates, some of which are undescribed,
from the Simmelried. 1 – 6: This undescribed, curious flagellate, which is 12–16 µm
long and has two 32–38 µm long flagella, is covered with a palisade-like layer of
9–12 µm long bacteria (1). 2: The flagella emerge from a cone on the nucleus (N).
Arrows mark some refractive grains. 3: Division of a palisade bacterium (arrow).
4: Apical view on a palisade composed of 12–25 bacteria. The arrow marks the
centrally located cone described in figure (2). 5, 6: Likely a commencing division (5)
and an amoeboid stage in the life cycle (6). 7, 8: This sigmoid flagellate is 26 µm
long and likely belongs to the genus Pelosigma. The cell contains a bundle of rods,
possibly bacteria. 9: This flagellate is likely a member of Hexamitus. 10: Stereonema
geiseri, which is 20–30 µm long, has a distinct tail (arrow) and about 24 cilia-like
flagella arranged in two rows. CV – contractile vacuole, F – flagella, N – nucleus.
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Fig. 1 – 9: Flagellates. These are
cryptomonads from Simmelried.
They tend to bloom in summer
(1). The cryptomonads have the
gullet paved with ejectisomes (trichocyst-like organelles). The two
flagella are inserted anteriorly,
and the chloroplasts are greenish,
brownish or blueish. Frequently, the
cells contain two refractive crystals
of unknown function. 2, 3: Cryptomonas rostratiformis is 50–60 µm
long and has an oblique, pointed
anterior end (2, arrowhead). Some
specimens are attacked by an
endoparasite (3, PA). 4, 5: The
anterior end of the 15–32 µm long
C. erosa is not pointed. The two
refractive crystals (4, CR) and the
margin of the two chloroplasts are
visible (5, arrow). 6: Cryptomonas
ovata is 20–80 µm long and has
a flat and a convex side. 7: Chilomonas oblonga is 20–50 µm long
and is a very common, colourless
member of the cryptomonads. 8:
Rhodomonas ovalis is 14–16 µm
long and is similar to C. ovata,
but has reddish chloroplasts. 9:
Chroomonas is 28 µm long and
has blue-green chloroplasts. CV
– contractile vacuole, CR – refractive crystals, EJ – ejectisomes, F
– flagella, PA – parasite.
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Fig. 1 – 6: Flagellates. Peridinium and Ceratium are dinoflagellates with a theca of
cellulose plates separated by deep grooves containing the flagella. One of the flagella
is in the equatorial cingulum (CI), while the other extends in the longitudinal sulcus
(SU). The colour of the chloroplasts varies, depending on the ratio of chlorophyll
and xanthophyll. 1, 2: The reticulate theca of Peridinium in the light (1, ventral) and
scanning electron microscope (2, lateroventral). 3, 4: Peridinium bipes is 40–95
µm long and has two posterior spines (arrows). The ventral surface view shows the
distinct sulcus (4). 5: The anterior and posterior plates of P. willei (40–60 µm) have
hyaline keels (arrowheads). 6: Ceratium cornutum, which is 100–150 µm long and
has three horn-shaped plates, is the only member of the genus in Simmelried. CI
– cingulum, SU – sulcus, TF – trailing flagellum.
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Fig. 1 – 7: Flagellates. Glenodinium, Gymnodinium and Hemidinium are dinoflagellates with a smooth theca. These genera/species are brownish, yellowish
or bluegreen by the chloroplasts; rarely, chloroplasts are lacking. 1: Ventral view
of Glenodinium gymnodinium which is about 40 µm long and has a conspicuous
bipartite eyespot (E). The apical end is slightly pointed (arrowhead). 2: Dorsal view
of Gymnodinium spec. in the scanning electron microscope. Both the transverse
(arrow) and the trailing flagellum are visible. 3: Gymnodinium fuscum is 80–100 µm
long and can be recognized by the pointed posterior end (arrowhead). 4: Gymnodinium aeruginosum is 20–35 µm long and has bluegreen chloroplasts; the cysts are
embedded in a mucous coat. 5: Glenodinium edax, which is about 35 µm long, lacks
chloroplasts, but is coloured by ingested volvocids and dinoflagellates (arrow). 6, 7:
Hemidinium nasutum is 25–30 µm long and has a rather distinct bulge (6, arrow)
above the reduced cingulum (7, arrow). CI – cingulum, N – nucleus, SU – sulcus, TF
– trailing flagellum.
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Fig. 1 – 7: Flagellates. These are green, chloroplast-bearing flagellates from the
plankton of Simmelried. 1, 2: Gonyostomum latum, which is about 40 µm long, has
two flagella (posteriorly directed flagellum not visible) and conical extrusomes (EX)
peripherally and around the nucleus (N). 3: Vacuolaria virescens is 30–85 µm long
and is related to Gonyostomum, but lacks extrusomes. However, there are spherical
mucocysts which can secrete mucus around the cell. 4 – 7: These are members of
the order Volvocida with two or four flagella. 4: Spondylomorum caudatum builds
30–45 µm-sized colonies with eight pyriform cells. 5: Lobomonas ampla is 15–22
µm long and is covered by a gelatinous envelope with conical lobes. 6, 7: Pyramidomonas tetrarhynchus, which is 20–28 µm long, has four flagella and a notched
chloroplast (7, arrow). CV – contractile vacuole, E – eyespot, EX – extrusomes, LF
– leading flagellum, TF – trailing flagellum.
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Fig. 1 – 4: Flagellates. These biflagellated members of the volvocides
form swimming colonies of 16–128
cells. 1, 2: Eudorina elegans builds
spherical colonies of 16–128 cells
within a two-layered envelope (1, arrowheads). For asexual reproduction,
each cell can build a daugther colony
(2, arrowheads). 3, 4: The plane
colonies of Gonium pectorale consist
of 4–16 cells connected by gelatinous
bridges (arrowheads). The two flagella (F) of the cells, which are 5–14
µm across, and the contractile vacuole become visible in a slightly varied
focal plane. CV – contractile vacuole,
E – eyespot, F – flagella.
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Fig. 1 – 4: Xanthophytes. The photosynthetic pigment of the xanthophytes is chlorophyll (c), in contrast to the chlorophytes which produce chlorophyll (b). A further
difference to the chlorophytes is the production of chrysolaminarin instead of starch
as carbohydrate reserve. 1: The spherical cells of Chlorobotrys polychloris have a
diameter of 18–25 µm and show a lamellated, gelatinous coat (arrowheads). Each cell
contains a conspicuous droplet of yellowish or red oil (arrows). 2: The triangular cells
of Goniochloris sculpta have a diameter of about 25 µm and a reticulate wall structure.
3: Ophiocytium cochleare has sausage-shaped cells with a tapered stalk at one end
(arrows), while the opposite end shows a slight swelling (arrowhead). Although the
curved or spiralized cells reach a length of several millimeters, they lack cross walls.
4: The cells of Tribonema are 10–20 µm wide and form long filaments. The yellowish
plastids are discoidal or ribbon-shaped. N – nucleus.
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Fig. 1 – 3: Chlorophytes. Actinastrum
hantzschii has conical, 10–35 µm long cells
united to star-like colonies composed of 6–
16 specimens. The chloroplast bears a single pyrenoid (P). 2: Quadrigula closterioides
builds clusters of four slightly curved cells
embedded in a slimy matrix (bracket). For
reproduction, a so-called autospore (AS)
with four daughter cells is generated within
the about 20 µm long parent cell by two
division steps. 3: Quadrigula chodatii builds
gelatinous colonies with 4–16 fusiform cells
each 30–80 µm long. AS – autospores, P
– pyrenoid.
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Fig. 1 – 4: Chlorophytes. 1, 2: The irregular colonies of Botryococcus braunii contain
large amounts of extracellular orange oil
which becomes distinct under coverslip pressure (1, arrows). It is believed that paleozoic
oil reservoirs derive from hydrocarbon producing algae similar to Botryococcus. The
ovoid cells are 6–12 µm and are united in
botryodial subcolonies connected by slimy
filaments (2, arrows). 3, 4: Eremosphaera
viridis can be easily recognized by the large,
spherical cells 200–800 µm in diameter (3).
Hundreds of discoidal chloroplasts are peripherally arranged (3, inset). When exposed
to strong light, they can move along filaments
(4, arrows) to the centre of the cell, where the
nucleus resides (N). N – nucleus.
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Fig. 1 – 4: Chlorophytes. 1, 2: Dictyosphaerium pulchellum builds colonies
with globular, peripherally arranged cells
3–10 µm across. From the centre radiate
dichotomously branched strands (2, arrowheads) made of wall material from the
parent cells. The colonies are surrounded
by clear slime often containing bacteria (1,
arrowheads). Occasionally, the centre of a
colony is inhabitated by a small, unidentified amoeba (1, arrows). 3: Dictyosphaerium tetrachotomum can be distinguished
from D. pulchellum by the more ovoid cells.
Young cells are often irregularly shaped
(arrowheads). 4: Dictyochlorella globosa
builds tetrahedral clusters composed of
8–13 µm-sized cells connected by slimy
strands (arrowheads). The clusters are
united to large, slimy colonies.
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Fig. 1 – 3: Chlorophytes. 1: This large
colony of Nephrocytium (likely N. agardhianum) was generated by the formation of
autospores within the parental cells of an
originally eight-celled colony. The cell wall
of the parent cell gelatinizes and builds
the border of the sixteen-celled autospore
colonies (arrowheads). After disintegration
to separate colonies, the autospores will
grow to vegetative cells with a final length of
10–25 µm. 2, 3: Kirchneriella obesa (2) and
K. lunaris (3) are 6–10 µm long, crescentic
cells scattered in a gelatinous sheath. While
the inner margin of K. obesa is U-shaped
(2, arrowheads), that of K. lunaris is almost
semicircular. Like in Nephrocytium, asexual
reproduction of Kirchneriella occurs by formation of autospores within the parent cells.
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Fig. 1 – 4: Chlorophytes. 1, 2: Members of the genus Coelastrum build hollow,
polyhedric, 40–80 µm-sized colonies composed of 8–64 cells. While each cell is
connected to three neighbours in a colony of Coelastrum sphaericum (1), those of
C. reticulatum (2) are connected to six neighbours. 3, 4: The genus Pediastrum
builds stellate colonies 30–300 µm in diameter. The colonies comprise peripheral
cells with horn-like projections and inner cells without projections. This shape has
been preserved since the Cretaceous, as shown by fossil pediastrums in 140 million years old sediments. The inner cells of P. duplex (3) are H-shaped and form a
reticulate pattern, while the keystone-shaped cells of P. tetras (4) have a V-shaped
notch (4, arrows).
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Fig. 1 – 16: Chlorophytes. Scenedesmus is a very common and diverse genus in
freshwater. Some are model organisms for biochemical, genetic and photo-physiological investigations. The linear colonies comprise 2–16 cells attached side by
side. The terminal cells often have spiny processes. The cell wall of some species
is granulated or ridged. The typical length of the cells is 5–40 µm. 1: Scenedesmus
magnus. 2: Scenedesmus quadricauda. 3: Scenedesmus dimorphus. 4: Scenedesmus acutus. 5, 6: Scenedesmus denticulatus in two focal planes. 7: Scenedesmus
pecsensis. 8: Scenedesmus acuminatus. 9, 10: Scenedesmus lefevrii var. manguinii
in two focal planes. 11: Scenedesmus armatus. 12: Scenedesmus spinosus. 13:
Scenedesmus semicristatus. 14: Scenedesmus acunae. 15: Scenedesmus brasiliensis. 16: Scenedesmus microspina.
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Fig. 1 – 4: Chlorophytes. 1: Characiellopsis skujae is an unicellular, 25–60 µm
long alga which often covers filamentous algae like Tribonema and Microspora. The
obovate cells can be distinguished from Characium by an apical, circular bulge (arrows). 2: The curved cells of Characium rostratum are 25–35 µm long and have a
hook-shaped distal end. The stalked cells are attached to the substrate by a brownish disc (arrow). 3: Dactylothece braunii builds large colonies of 3–16 µm long cells
covered with a gelatinous sheath (arrowheads). The chloroplasts lack a pyrenoid. 4:
Stichococcus has a size of 4–8 µm and is thus one of the smallest chlorophytes. The
species can appear in short filaments, but usually the cells are separated showing
the oblong shape with rounded ends. P – pyrenoid.
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Fig. 1 – 4: Chlorophytes. Some members of the chlorophytes bear thick bristles extending from the cell or from the cell wall. 1, 2: Gloeochaete is rare in Simmelried. The
globular cells are about 25 µm across and have two gelatinous bristles (1, arrows).
The blue-green colour is caused by symbiotic cyanelles (2), possibly precursors of
the chloroplasts. 3: Chaetosphaeridium (likely C. globosum) builds small colonies
composed of cells with a diameter of 10–15 µm (inset). Each cell bears a cytoplasmic
spine (arrowhead), the base of which is covered with a gelatinous sheath (arrow). 4:
Micractinium pusillum builds small colonies floating in the plankton. The cells have a
diameter of 3–13 µm and bear two or four hollow bristles with a length of 10–60 µm
(arrows) to improve buoyancy. CN – cyanelles, N – nucleus.
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Fig. 1 – 4: Chlorophytes. Members of the order Tetrasporales have cells similar to
those of Chlamydomonas, that is, they have a contractile vacuole, an eyespot, or/and
two flagella. The Tetrasporales build colonies with distinct gelatinous sheaths. 1: Asterococcus superbus occurs in small colonies of 2–8 cells with a diameter of 20–25
µm. Each cell is covered with layers of mucous (arrows) and has a stellate chloroplast. 2: The pyriform or bursiform colonies of Apiocystis brauniana are covered with
fine pseudocilia (PC). The spherical cells are 6–8 µm in diameter and arranged in
tetrahedral groups in the periphery of the colony. 3: The cells of Schizochlamys gelatinosa are 9–15 µm across and surrounded by scattered remnants of the parent cell
wall in the gelatinous matrix (arrowheads). From each cell extend a tuft of filaments
(inset). 4: Paulschulzia pseudovolvox has long pseudocilia extending through the
sheath of the colony. PC – pseudocilia (= flexible, but non-motile, gelatinous fibres).
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Fig. 1 – 4: Chlorophytes. 1: The pyriform cells of Chlorangiella polychlora are 20–40
µm long and are attached to branched, gelatinous stalks. At the base of each cell is
a contractile vacuole. 2, 3: Gloeocystis ampla occurs in globular aggregates of 5–10
µm long cells each in a mucous sheath. The ellipsoidal cells have an apically located
contractile vacuole (3). 4: Gloeocystis gigas can be distinguished from G. ampla by
the almost globular cells, which are 15–30 µm across and tetrahedrically clustered in
a sharply outlined gelatinous sheath. CV – contractile vacuole, N – nucleus.
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Fig. 1 – 4: Chlorophytes. 1, 2: Palmodictyon viride (cells ~ 20
µm cross) forms long,
jelly filaments with cells
embedded one by one.
Remnants of the cupshaped
membranes
of asexually produced
autospores are often
visible (1, arrowheads).
The mucous sheath of
P. viride can be reddish
or brownish. Young colonies are globular and
occur in large amounts
(2). 3, 4: Radiofilum
mesomorphum (cells ~
20 µm cross) is a member of the green algae
order Ulothricales and
forms
unbranched
chains of cells in a
mucous coat. Each cell
is covered by two cupshaped
membranes,
at the contact site of
which an inconspicuous fringe is recognizable (3, arrows) .
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Fig. 1 – 6: Chlorophytes. These chlorophytes from Simmelried grow in linear or
branched filaments. 1, 2: Microspora has 5–15 µm wide filaments and can be identified by H-shaped crosswalls (1, arrowheads) and reticulate chloroplasts that lacking
pyrenoids (2). 3: The filament of Geminella is about 5 µm wide and covered with a
delicate mucuos sheath (arrowheads). 4: Klebsmordium has 8–10 µm wide, rectangular cells with a ribbon-shaped chloroplast. 5, 6: Microthamnion strictissima has
branched filaments and 2–5 µm wide cells (5). The chloroplasts lack a pyrenoid, and
the terminal cells are tapered (6, arrowhead).
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Fig. 1 – 4: Chlorophytes. 1, 2: The discoidal colonies of
Coleochaete scutata are attached to solid substrates and
composed of a single layer of cells. The colonies can reach
a diameter of 1 mm and are covered with long, sheathed bristles which can best recognized in lateral view (2, arrows) 3, 4:
Chaetophora forms roundish colonies 0.2–3 cm across and attached to solid substrates. Young filaments have tapered ends
(4, arrow), while older ones bear long setae of death cells (4,
arrowheads). It is assumed that the setae have a protective
function against predators or improve the uptake of nutrients.
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Fig. 1 – 6: Chlorophytes. 1 – 3: Cylindrocystis brebissonii (1; 70 µm), Netrium
digitus (2; 85 µm), and Spirotaenia erythrocephalum (3; 30 µm) are desmids with
a cylindrical or spindle-like shape. The nucleus of N. digitus (2) contains ~ 1200
chromosomes, the highest number ever found in eukaryonts! The ends of the spiral
chloroplast of S. erythrocephalum contain reddish carotinoides (3, arrow). 4 – 6: The
chloroplasts of Pleurotaenium ehrenbergii (450 µm) are ribbon-shaped and aligned
in parallel (5, arrows). On the surface of the cell wall, is a reticulate pattern caused
by prismatic columns of mucus (6). N – nucleus.
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Fig. 1 – 5: Chlorophytes. 1: Xanthidium cristatum (70 µm) is divided into two polygonal semicells, each bearing about 10 lateral spines (four in focus). In the centre
of the semicells occurs a characteristic pattern of pores and granules (arrowheads).
In contrast to Xanthidium, the genus Staurodesmus (figure 2) has spines only at
the apical edges. 2: The minute Staurodesmus extensus (15 µm) has long spines
extending from the apex in flat angles. 3: The spines of Staurodesmus avicula (30
µm) are branched, and the surface is covered with warts. 4: As an adaption to the
planktonic habit, the spines of Staurastrum simplicius (30 µm) are branched and the
semicells elongated laterally. 5: The ellipsoidal semicells of Staurastrum teliferum
(33 µm) are covered with many bristle-like spines.
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Fig. 1 – 3: Chlorophytes. Cosmarium is characterized by a
clearly visible, central constriction
called sinus. The hemispherical
semicells are often conspicuously ornamented by warts, pores
or granules. Most members of
Cosmarium are adapted to nutrient-poor and slightly acidic water.
Several species are common in
Simmelried. 1, 2: Cosmarium turpinii is about 70 µm long and the
pyramidal semicells have flattened, sometimes even concave
apices (1, arrowheads); and each
semicell has two conspicuous
pyrenoids (P). The angle (sinus)
between the semicells is large (2,
arrowheads), and the cell wall is
ornamented by a concentric pattern of warts (2). 3: Cosmarium
sexnotatum is about 35 µm long
and can be easily recognized by
a circular field with three rows of
warts in the mid of each semicell
(arrowheads). P – pyrenoids.
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Fig. 1 – 7: Chlorophytes. 1, 2: Cosmarium mansangense is 50–80 µm
long and covered with warts. It can be
distinguished from C. pseudamoenum
by the two pyrenoids per semicell (1). 3:
Cosmarium venustum is 25–50 µm long
and has a wavy margin with concave
apices (arrow). 4: Euastrum insulare var.
sileacum, the sole member of the genus
in Simmelried, can be confused with the
genus Cosmarium, but the 30 µm long
cell has notched apices (arrowheads).
5, 6: Cosmarium regnesii (5) and C. abbreviatum (6) are small, 15–20 µm long
members of the genus. While C. regnesii
has octagonal semicells with brownish
warts (arrowhead), the semicells of C.
abbreviatum are smooth and have a hexagonally distorted shape. 7: Cosmarium
quadratum is 50–90 µm lang and has
a smooth cell wall with inconspicuous
bulges near the sinus (arrowheads). P
– pyrenoids.
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Fig. 1 – 4: Chlorophytes. 1: Cosmarium botrytis is about 70 µm long and is one of
the most common species of the genus in Simmelried. It is easily recognized by the
flattened apices and the regular convexities (warts, arrowheads) in optical section.
2: The planktonic C. depressum is about 40 µm wide and has a single pyrenoid (P)
in each semicell. The voluminous mucous coat improves buoyancy. 3: Cosmarium
brebissonii is about 50 µm long and has reniform semicells covered with a symmetric pattern of conical warts. 4: Cosmarium pachydermum is about 90 µm long and
has a smooth cell wall. The semicell edges are widely open (sinus, arrowheads). N
– nucleus, P – pyrenoid.
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Fig. 1 – 5: Chlorophytes. Only two species of the genus Micrasterias occur in Simmelried. 1 – 3: The semicells of Micrasterias crux melitensis (110 µm) show 5 lobes
separated by deep notches. The apices are concave. 2: Cell division. 3: Dark field image. 4, 5 : The lobes of Micrasterias truncata (100 µm) are much shorter and broader
than those of M. crux melitensis shown above. The apices are convex and flattened.
Micrasterias truncata is usually covered with a mucus layer, which is very hyaline and
thus hardly recognizable (4, arrowhead). Note the pyrenoids (centres of starch production; 5, P) and the central nucleus (5, N). N – nucleus, P – pyrenoid.
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Fig. 1 – 4: Chlorophytes. Some further members of the genus Micrasterias, collected from the so-called Schwemm in the surroundings of the Walchsee (Tirol,
Austria). Micrasterias is one of the most attractive genera within the desmids and
an excellent example how nature create a high diversity on a simple, basic form.
Micrasterias is highly adapted to nutrient poor, acidic water. Thus, it occurs mainly in
Spagnum bogs and peat pools with a pH of << 5. In some cases, exceptionally large
numbers of a single species can turn the water green. However, Micrasterias is now
already fairly rare because most of its habitats have been destroyed (“ameliorated”).
1: Micrasterias denticulata (150 µm). 2: Micrasterias rotata (140 µm). 3: Micrasterias
furcata (170 µm). 4: Micrasterias apiculata (120 µm).
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Fig. 1 – 7: Chlorophytes. The desmids comprise many filamentous genera and
species. 1, 2: Spirogyra spp. (width 30–40 µm) can often be found in floating mud
and are easily recognized by the spiral chloroplasts. 3, 4: Mougeotia spec. (width 30
µm) has a plate-like chloroplast and can often be found in the process of conjugation
(4), a form of sexual reproduction. The product is a diploid, cube-shaped zygospore
(4). All desmids can conjugate. 5: Desmidium swartzii (width 25 µm) forms helical
filaments. 6: Zygnema spec. (width 35 – 40 µm) shows two star-like chloroplasts per
cell. 7: Hyalotheca dissilens (width 25 µm) is covered with a thick layer of protective
mucus. N – nucleus, Z – zygospore.
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Fig. 1 – 4: Chlorophytes.
Closterium is crescentic and
not constricted in the centre.
The cell wall is often ornamented with pores or lines.
1, 2: The inner margin of
Closterium moniliferum (320
µm) is slightly inflated in midbody (1, arrow). The 4 - 10
pyrenoids (P) per semicell
are aligned. The nucleus (N)
is centrally located in a globular blister (2). 3, 4: Closterium
ehrenbergii var. malinvernianum (430 µm) looks very
similar to C. moniliferum, but
has a finely striated surface
and scattered pyrenoids. N
– nucleus, P – pyrenoid.
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Fig. 1 – 6: Chlorophytes.
1 – 3: Closterium striolatum
is about 460 µm long and is
almost straight in mid-body
(1, arrow). The longitudinally
arranged chloroplast is conspicuously reticulate due to
contact points between the
separated lamellae (2). Specimens collected from the mud
are often parasitized by fungi
(3). 4, 5: Closterium kützingii
(4; 360 µm) and C. rostratum
(5; 430 µm), which are often
confused, are distinguished by
the length of the chloroplastfree cell ends. 6: The slightly
curved and slender cells of
Closterium acutum are about
150 µm long and are frequent
in the plankton of Simmelried.
The hyaline apices and the
central nucleus are clearly
recognizable. N – nucleus, PC
– parasitic cells.
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Fig. 1 – 6: Chlorophytes. 1 – 3: Closterium dianae is about 300 µm long and is
one of the most common desmids in Simmelried. The slender cells are crescentic
and lack any inflation of the inner margin (1). The surface is often finely grained (2).
The apices show a conspicuous pore (3, arrowhead). 4 – 6: Closterium nematodes
(330 µm) has a similar size as C. dianae, but is less curved (4). The mid has distinct
ridges across the width of the cell (5). Below the apices, is a thickened, dark ring (6,
arrowheads). P – pyrenoid.
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Fig. 1 – 6: Chlorophytes. 1 – 3: The up to 1 mm long cells of Closterium turgidum
var. borgei appear as green needles to the naked eye. The longitudinal striae of the
cell wall are fine but distinct (2). In the middle of the cell, brown bands may appear
in dividing specimens (2, arrowheads). The thickened apices are typical for this species (3, arrow). 4: The only 60 µm long Closterium incurvum is almost semicircular,
and each semicell has only one pyrenoid. The vesicle in the end contains a single
gypsum crystal (4, arrowheads). 5 – 6: Closterium cornu is about 210 µm long and
a very slender species often found in the plankton. The middle of the cell is straight,
while the hyaline ends are slightly curved. The apices are blunt and lack vesicles (6).
N – nucleus, P – pyrenoids.
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Fig. 1 – 4: Amoebae. The
amoebae are moving by extension of lobose (finger-like)
or filose (thread-like) pseudopodia (“feet”). Members
that lack test are called naked
amoebae. The Simmelried is
a habitat with a high variety of
naked amoebae, only some
of which can be shown in this
booklet. 1: The mud is inhabited by the “classic” Amoeba
proteus (200–750 µm). This
large amoeba has broad,
rounded pseudopodia (PS)
and a large single nucleus.
2: This specimen of Amoeba
proteus just captured a
ciliate, Pseudoblepharisma
tenue var. chlorelligera, with
two
large
pseudopodia.
3, 4: Some specimens of
A. proteus were attacked
by an endoparasite, filling
the amoeba with hundreds
of globular cells 8–10 µm
across (3, 4; arrows). N – nucleus, PS – pseudopodia, U
– uroid (“tail”).
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Fig. 1 – 2: Amoebae. 1:
Chaos carolinense is a
polypodial, up to 2 mm
(!) long amoeba and very
similar to Amoeba proteus,
except of the many nuclei
(N). This species is very
rare in Simmelried. 2: The
pseudopodia of Dinamoeba
mirabilis (~ 200 µm) are
covered with bacterium-like
rods or scales (arrows). It is
unclear whether these rods
are a specific character of
this species (Page 1988),
but they occur in all specimens from the Simmelried.
Dinamoeba mirabilis is
usually covered by a 20–30
µm thick mucuos layer, recognizable by the attached
bacteria (arrowheads). The
two nuclei (N) and one of
several contractile vacuoles
(CV) are recognizable within
the cell. FV – food vacuoles,
N – nucleus.
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Fig. 1 – 4: Amoebae. Naked amoebae representing a single pseudopodium
are called monopodial and
occur in a so-called limax
form. 1 – 4: Pelomyxa palustris is up to 2 mm (!)
long and lives in the mud
of Simmelried. The cell is
studded with nuclei, symbiotic bacteria (2, arrowheads), ingested mud, and
mineral grains. All nuclei
are about 6 µm across and
covered with a monolayer
of rod-shaped, symbiotic
bacteria (2, arrows). The
species lacks Golgibodies
and mitochondria, but can
form non-motile flagella
up to 30 µm long (3, 4). F
– flgaella, N – nuclei.
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Fig. 1 – 4: Amoebae. Thecamoeba spp.
are monopodial amoebae with a prominent
hyaline front when moving. Frequently, the
surface has longitudinal folds. The plasm
is viscous and refractive. 1: Thecamoeba
proteoides (60–280 µm) forms thin, hyaline caps anteriorly and in mid-body (arrows). The plasm is highly vacuolated and
appears frothy. 2, 3: Thecamoeba striata
(30–80 µm) can be easily recognized by
the longitudinal folds on the dorsal side of
the moving cell (2, arrowheads). The anterior third of the cell is hyaline ectoplasm
and sharply separated from the endoplasm
(3, arrowheads). 4: The plasm cap of Thecamoeba sphaeronucleolus (80–130 µm)
is crescentic, and the endoplasm is often
filled with scattered granules (arrow). A
conspicuous, knobby uroid (U) is usually
visible at posterior end. CV – contractile
vacuole, N – nucleus, U – uroid.
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Fig. 1 – 5: Amoebae. 1: Gliding
Saccamoeba limax, which are 40–
100 µm long, have a hyaline cap
and a bulb-like uroid (U). 2: Many
filaments (arrowheads) extend from
the uroid of Saccamoeba clava,
which is 80–100 µm long. When
moving, the eruptive plasm forms a
temporary demarcation (arrow). 3,
4: Trichamoeba villosa is 250–500
µm long and is a “limax ” amoeba.
Locomotion is a continuous flow,
and the uroid is a villous bulb (4).
5: Polychaos fasciculatum is polypodial and 100–140 µm long. The
pseudopods have clear caps (arrowheads). The species can be recognized by two crescentic bodies
in the nucleus (arrows). CV – contractile vacuole, MP – monopodium,
N – nucleus, U – uroid.
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Fig. 1 – 3: Amoebae. Amoebae of the
genus Mayorella produce V-shaped or
mamillate frontal pseudopodia. 1 – 3:
Mayorella penardi (70–100 µm) from life
(1) and in the scanning electron microscope (2). It is one of the most common
members of the genus in Simmelried and
has mamillate pseudopodia (1, 2; arrowheads). The nucleus is near cell centre
(1). Usually, M. penardi feeds on bacteria
and flagellates, but it is able to ingest also
large algae like Phacus lismorensis (3,
arrows). Within the ingested cell the red
eyespot is visible. Because the amoeba
is not able to cover the whole ingested
cell, the posterior spine of P. lismorensis
projects from the body proper (3, arrowhead). E – eyespot, N – nucleus.
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Fig. 1 – 4: Amoebae. Mayorella penardi is 70–100 µm long and is often affected
by parasites. 1, 2: Frequently, M. penardi is parasitized by Amoebophilus simplex,
a fungus which extends from the posterior body end. Though it seems to be an ectoparasite, the “anchor-cell” (haustorium) is inside of the amoeba (2, arrow). 3, 4: In
a 210 µm long specimen of Mayorella spec., two large, immobile structures could
be observed (~ 60 x 40 µm, arrows). They appear similar to nuclei, but have distinct
notches (4, arrows). Likely, this is another sort of parasite. CV – contractile vacuole,
FU – fungus, N – nucleus.
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Fig. 1 – 4: Amoebae. Leptomyxa spp. are widely distributed reticulate and polypodial amoebae in the mud of Simmelried. The genus can be separated from
Rhizamoeba by the lack of limax-formed stages in the life cycle. Two of the three
described species of Leptomyxa occur in Simmelried. 1, 2: Leptomyxa fragilis (100
–500 µm) has an irregularly formed nucleus (N) and numerous filose-like pseudopodia, arising from the posterior end (1, arrows). The anteriorly extending pseudopodia
are branched to finger-like structures (2; arrowheads). Frequently, the posterior end
of the amoeba is covered with particles (2; arrows). 3, 4: Leptomyxa reticulata (40
µm–3 mm) forms three-dimensional structures of anastomosing pseudopodia (3).
The multinucleate (> 100 nuclei) plasmodium can spread to highly anastomosing,
flat pseudopodia (4). N – nucleus.
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Fig. 1 – 5: Amoebae. 1: This specimen of Nuclearia spec. (50 µm) is
filled with paramylon grains from an
ingested Euglena. Note the filopodia
(arrowheads) and the central nucleus.
2: Hyalodiscus rubicundus (15–90
µm) is gliding on a broad radiating
pseudopodium, with delicate filopodia
extending from the margin (arrows).
3: The hyaloplasmatic cap of Vanella
simplex (40–50 µm) is almost semicircular. The posterior end shows a
finger-like uroid (U). 4, 5: Some naked
amoebae from Simmelried have a flagellum. The flagellum of Mastigameoba
setosa (4; 70–100 µm) originates from
the nucleus (arrow). The amoeba is
covered with 4–6 µm long filaments.
Mastigella spec. (5; 40–50 µm) can be
distinguished from Mastigamoeba by
the flagellum which is not connected to
the nucleus. CV – contractile vacuole,
F – flagellum, N – nucleus, PM – paramylon, U – uroid.
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Fig. 1 – 4: Amoebae. Vampyrella was named for the ability to penetrate the cell
wall of algae and feeding on the contents. The cell wall is pierced by an enzymatic
process resulting in a circular hole (1, inset). Some of the described species are
specialized on certain genera of algae. The cytoplasm of Vampyrella is often orange
or reddish from carotine granules. 1, 2: Vampyrella closterii (50–200 µm) attacks
only Closterium spp. After ingesting of the chloroplast, the amoeba rounds up and
forms a cyst (1). 2: A spread specimen with arising filopodia. 3, 4: When gliding,
Vampyrella lateritia is globular and has claviform or filiform pseudopodia. It feeds on
Mougeotia. FP – filopodia, PS – pseudopodia.
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Fig. 1 – 4: Amoebae. A likely undescribed species of Vampyrella is specialized to
feed on Eudorina elegans. After attaching to the gelatinous coat of E. elegans (1,
arrow), Vampyrella (30–40 µm) penetrates the coat and ingests the algae (2, arrow).
After feeding, the amoeba rounds up building a refractive cyst about 20 µm across.
The colour of the ingested algae turn brownish (3, arrow) and after 1 - 2 days the
cyst releases up to three new Vampyrella, which leave the dead Eudorina colony
(1, arrowhead). When squashed, the nucleus and the orange digestion remnants
become distinct (4). CY – cyst, N – nucleus.
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Fig. 1 – 7: Amoebae. Some unidentified, likely undescribed amoebae from Simmelried. 1: A 100–150 µm long amoeba with a hyaline fringe (arrowheads) and a
filose uroid (U). 2: A colony of filose amoebae only 4 µm across. The focus is on the
granular filopodia. 3, 4: This hyaline amoeba is 35 µm across and contains a large,
refractive body (3, arrowhead) covered with bacteria (4, arrows). 5 – 7: Likely, these
are members of the Pelomyxa-group with a length of 80–100 µm. The cytoplasm
is studded with ingested rhodobacteria (5) or refractive grains (7). CV – contractile
vacuole, N – nucleus, U – uroid.
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Fig. 1 – 5: Amoebae. Cochliopodium can
be considered as a “missing link” between
naked and testate amoebae. The cells are
covered with fine scales or granules building
a flexible test. 1 – 2: Many radiating spines
(arrows) extend from the granulated test of C.
vestitum, which is 15–20 µm across. Some
specimens contain symbiotic algae (2). 3
– 5: Cochliopodium bilimbosum is 20–30 µm
across and is similar to C. vestitum, but lacks
spines. Slender pseudopodia with rounded
ends protrude from under the test when the
amoeba is walking on, for instance, filamentous cyanobacteria and algae (5). The dorsal
view (4) shows the reticular structure of the
test. A – symbiotic algae, N – nucleus, PS
– pseudopodia.
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Fig. 1 – 3: Amoebae. 1: Lecythium hyalinum is one of the rare amoebae forming
groups of 2–20 individuals. They live in a mucous envelope with a diameter of 50–
250 µm and feed on algae and bacteria. The long, filose pseudopodia often form a
reticulate pattern (1). 2: Two L. hyalinum specimens feeding on the diatom Navicula.
3: The Simmelried population of L. hyalinum has a colourless, globular test 16–21
µm across. The cytoplasm is divided in a hyaline area around the nucleus and a
vacuolated area near the aperture of the test (arrow). CV – contractile vacuole, N
– nucleus.
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Fig. 1 – 5: Amoebae. 1: Diplophrys archeri is 8–10 µm across and is a filose
amoeba with a globular, hyaline test. Tufts of filopodia emerge from two opposite
test openings. The cytoplasm contains a large orange or reddish oil droplet. 2:
Microgromia socialis is 16–20 µm long and has a rigid test with a short neck (arrow),
from which anastomosing pseudopodia arise. The cytoplasm is divided into a granular
anterior half and a smooth posterior which contains the conspicuous nucleus. 3:
Rhogostoma schleusseri (15–20 µm) has a slit-like, infolded pseudostome (arrow)
and non-anastomosing pseudopodia. 4, 5: The pouch-shaped test of Trinema
complanatum (35 µm) has an elliptical pseudostome (4, arrow) and is composed of
many minute and some large scales 4–5 µm across (5, arrowheads). FP – filopodia,
N – nucleus with distinct nucleolus in centre, PS – pseudopodia.
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Fig. 1 – 4: Amoebae. Species of the genus Arcella have a circular, hyaline test
composed of a chitinoid, hexagonally faceted material. The pseudostome is
invaginated and centrally located. The colourless test of young specimens becomes
brownish by iron or manganese deposits in old tests. The amoebae are mostly
binucleate and have several contractile vacuoles. 1: Arcella sp. in the scanning
electron microscope, showing the faceted test structure and the invaginated
pseudostome from which the pseudopodia extend. 2: Arcella vulgaris is 100–150
µm across and has a bowl-shaped test. The specimen is attached to the test inside
by many small pseudopodia. 3: The test of Arcella dentata is 125–185 µm across
and is nicely crenulated by 8–14 spines. The spines curve dorsally providing the test
with a crown-like appearance in lateral view. 4: Pyxidicula operculata is 15–20 µm
across and is easily confused with Arcella, but the pseudostome (arrows) is nearly
as wide as the test. N – nucleus, PS – pseudopodia.
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Fig. 1 – 4: Amoebae. 1, 2: Arcella gibbosa is 70–130 µm across and has a
hemispherical test (2) with numerous irregular depressions well recognizable in
dorsal view (1). Young specimens (2) are
colourless, while old tests are brown due
to ferric deposits (1). Arrowheads mark
filopodia anchoring the cell to the test. 3,
4: The test of Arcella conica is about 80
µm across and has large facets with distinct ridges (3). The ventral view shows
the circular pseudostome. Note the
finely faceted wall (3, arrowhead). PO
– pseudostome, PS – pseudopodia.
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Fig. 1 – 4: Amoebae. The chitinoid test
of Difflugia is circular in cross-section
and mainly composed of xenosomes,
that is, sand grains, diatom frustules,
and/or organic debris from the enviroment. Often, the test has spines.
1: The test of Difflugia bacillifera is
composed mainly of diatom frustules,
some of which are arranged around
the pseudostome (arrowheads). This
specimen is gliding with a broad pseudopodium on the microscope slide. 2:
Difflugia acuminata in the scanning
electron microscope. The base of the
vase-shaped test tapers to a short
spine (arrow). The test is 200–400
µm long and is composed mainly of
quartz grains and diatom frustules.
3: Difflugia pyriformis is 350–420 µm
long and is similar to D. acuminata, but
has a rounded test base. 4: The pyriform, 65–115 µm long test of Difflugia
rubescens is yellowish to brownish
and composed of diatom frustules
and large quartz grains (arrow). PS
– pseudopodia.
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Fig. 1 – 6: Amoebae. Some testate amoebae look like Difflugia but are assigned
to other genera, depending on characteristics of the test. 1, 2: The pseudostome
of the genus Cucurbitella has a collar separated from the test by a ring-shaped
depression (1, arrow). The sole species of the genus is C. mespiliformis, which is
125–190 µm long and has the test composed of clear quartz grains embedded in
a chitinoid matrix (2). 3, 4: If the pseudostome is surrounded by xenosomes and
the pseudopodia are filose, the species is a member of Pseudodifflugia. In case of
P. fascicularis (3), the pseudostome is surrounded by comparatively large quartz
grains (arrows), similar as in Difflugia lucida (4). 5, 6: Small testate amoebae, similar
to Difflugia, but with a smooth membraneous test, are classified into Cryptodifflugia.
Cryptodifflugia sacculus is 20–30 µm long and has an irregularly flask-shaped test
with some attached xenosomes (5, arrows), while C. oviformis has a 15–20 µm long
regular test (6). Cryptodifflugia sacculus has just divided (5).
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Fig. 1 – 5: Amoebae. 1, 2: Cyclopyxis kahlii is about 80–85 µm across and has
a hemispherical test. The light microscopical lateral view (1) shows the lobose
pseudopodia extending from the centric, slightly invaginated pseudostome (1,
arrowheads). The scanning electron microscope reveals the rough surface of the
test and the invaginated pseudostome. 3, 4: Centropyxis can be distinguished
from Arcella and Cyclopyxis by the eccentric pseudostome. Frequently, the tests
have spines and are composed of organic particles and sand grains embedded in
a chitinous matrix. Centropyxis aculeata is 120–150 µm long and has a strongly
eccentric pseudostome (3, arrows). The lateral view (4) shows a posteriorly located
spine and food particles (arrowhead) projecting from the test entrance. 5: The test
of Pontigulasia spiralis is 100–160 µm long and similar to that of Difflugia, but has
a constriction to form a neck (arrow) which is separated by a diaphragm from the
posterior, inflated portion of the test. N – nucleus, PS – pseudopodia.
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Fig. 1 – 4: Amoebae. 1 – 3: The test of Nebela is flattened and usually built from
test scales of engulfed other testate amoebae. The pseudostome is elliptical or slitlike. 1: Nebela parvula, which is 80–120 µm long, has an ellipsoidal test and forms a
broad, conspicuous pseudopodium (PS). 2, 3: The test of Nebela tubulosa is 190–
220 µm long and the amoeba is attached to the test by many minute pseudopodia
(2, arrowheads). The pseudostome lacks a lip, and the test is composed of
ellipticall, siliceous scales (3). 4: Phryganella nidulus is 165–220 µm in size and
has a hemispherical test covered with large amounts of xenosomes and debris. The
slender pseudopodia (PS) extend in all directions. N – nucleus, PO – pseudostome,
PS – pseudopodia.
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Fig. 1 – 5: Amoebae. 1, 2: Diaphoropodon mobile is 60–120 µm long and a common testate amoeba in the mud of Simmelried. The brownish test is ovoid and covered with fine xenosomes and hair-like spines (1, arrowheads and inset). Sometimes
two laterally attached (dividing? conjugating?) specimens can be observed (2). 3:
This 135 µm long Diaphoropodon is probably a new species because the test is not
made of irregular xenosomes but of minute granules. Arrowheads mark hair-like
spines. 4: Plagiophrys parvipunctata is 45–56 µm long and has an ellipsoidal test,
which is uneven by attached quartz grains (arrowheads). The anterior half of the
cell is studded with brownish food inclusions. 5: Apogromia mucicola has a smooth,
transparent test with a length of 8–15 µm. The finely granular filopodia (arrowheads)
arise from a bulbous base (arrow). CV – contractile vacuole, N – nucleus.
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Fig. 1 – 5: Amoebae. The tests of Euglypha are ovoid and composed of tile-like
arranged siliceous scales. In transverse section, the test can be circular or elliptical.
Most species have spines and denticulated scales around the pseudostome. 1:
Division of Euglypha ciliata (40–100 µm) in the scanning electron microscope. Note
the pseudostome scales which are larger than the scales and are finely dentate. 2,
3: Euglypha compressa (70–130 µm) in lateral (2) and apical (3) view. The spines
are arranged on the edge of the flattened test (2, 3, arrowheads). 4: Euglypha
cristata is 35–70 µm long and has a tuft of spines on the posterior end (arrowhead).
The scales, which surround the pseudostome, are finely dentate (arrow). 5:
Euglypha crenulata is 65–140 µm long and has long spines near the posterior end
of the test (arrowheads). The species can be distinguished from several congeners
by the finely dentate pseudostome scales (inset). N – nucleus, PO – pseudostome,
SP – spines.
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Fig. 1 – 4: Amoebae. Lesquereusia are lobose amoebae building spiral tests
composed of siliceous, curved rods (1, inset). The rods are formed endogenously
and are embedded in an organic matrix. 1: Lesquereusia spiralis is about 95–190
µm long and has an ovoid test with a short neck. When dividing, the daughters are
connected via the pseudostome. The parent cell is brownish by iron and manganese
deposites. 2: Lesquereusia epistomum is about 100 µm long and has a long neck
(arrowheads) abruptly turning into the inflated posterior. 3, 4: The retort-shaped
test of Cyphodera ampulla is 60–140 µm long and is composed of minute scales
in a chitinoid matrix. The filopodia extend through the circular pseudostome (4). FP
– filopodia, PS – pseudopodia.

111

1

3

2

3
4

Fig. 1 – 4: Amoebae. 1, 2: The 30–40 µm long test of Paraquadrula spec. in the
scanning electron microscope (1) and the light microscope (2). The test is made of
calcit platelets 5–6 µm across. In the polarized light of the interference contrast, the
scales appear in different shades of grey. 3, 4: Quadrulella symmetrica is about 100
µm long and occurs in the mud of Simmelried. The square platelets of the test have
a size of 8–10 µm and are made of silicium. Some specimens contain platelets, likely
used for the daughter when dividing (4, arrows).
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Fig. 1 – 3: Amoebae. 1, 2: Pompholyxophrys punicea is about 56
µm across and is a heliozoan-like
amoeba covered with concentric
layers of siliceous, globular scales.
The thick, mucuos coat becomes
recognizable by attached bacteria
(arrowheads). Rod-like filopodia
pass through all layers. The cytoplasm is reddish to orange by
ingested algae and diatoms. Within
the cytoplasm developing scales can
be observed (1, arrow). The scales
of the outer sphere are usually about
4 µm across. 3: Pompholyxophrys
ovuligera, which is about 30 µm
across, is a further member of the
genus in Simmelried, but it is much
rarer than P. punicea. The scales
of this species are ovoid or discoid.
The colourless cytoplasm contains
brownish remnants of fungal spores.
FP – filopodia, N – nucleus.

113

A

A

2

N
N

1
Fig. 1 – 4: Heliozoa. Species of
the genus Actinosphaerium are
strongly vacuolated and have a
multilayered organisation. Two
species of Actinosphaerium
are common in Simmelried. 1
– 3: The green Actinosphaerium
eichhornii var. viridis is about
240 µm across and contains
many symbiotic algae, viz.,
Chlamydomonas actinosphaerii.
They are in the cytoplasm-filled
contact points of the vacuoles
(2). The nuclei are scattered
between the symbiotic algae
near the centre of the cell (3,
N). 4: Actinosphaerium eichhornii lacks symbiotic algae and is
thus colourless. The specimen
shown is about 180 µm across
and has just captured a ciliate
(Coleps, arrow). The straight
axopodia are covered by a film
of cytoplasm giving them a
granular appearance. A – symbiotic algae, AX – axopodia, N
– nuclei.
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Fig. 1 – 3: Heliozoa. Members
of the genus Raphidiophrys are
covered by elliptical or fusiform
scales. Two colonial species
occur in the Simmelried. 1:
The colonies of Raphidiophrys
viridis consist of 5–15 individuals each 30–90 µm across.
The green colour is caused by
large amounts of symbiotic algae. The long, fusiform scales
extend almost to the ends of
the axopodia and form compact, conical structures. 2, 3:
Raphidiophrys elegans forms
colonies with individuals 20–
70 µm in diameter. The cells
are connected by plasmatic
bridges. The colour comes
from greenish prey remnants
(flagellates, algae, ciliates).
The elliptical scales extend
along the proximal third of
the axopodia, forming a loose
meshwork (S). S – scales.
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Fig. 1 – 4: Heliozoa. 1, 2: Raphidiophrys pallida is about 85 µm
across and is thus one of the largest members of the genus. Usually,
it is attached to mud flocs or floating plants. The body has a coat of
20–30 µm long, acicular siliceous
scales, which are slightly curved
and embedded in a mucus layer
(2). The body is studded with food
inclusions, which obscure the excentrically located nucleus and the
contractile vacuoles. 3, 4: Raphidiophrys intermedia is about 50 µm
across and covered with a thin layer
of elliptical, 8–10 µm long scales (4).
The granular appearance of the axopodia, which are free from scales,
is caused by minute extrusomes (3),
which are involved in prey capture
and mucus secretion. In the centre
of the cell is the centroplast, that is,
an organizing centre for the microtubules supporting the axopodia (3).
EX – extrusomes, S – scales.

116

1

3

N
4

2
Fig. 1 – 4: Heliozoa. 1, 2: Raphidiophrys
coerulea is about 20 µm across and thus
a very small member of the genus. Often
it is found in groups on the mud surface.
Penard named the species according
to its greyblue colour in the bright field
microscope. The body is covered with
hyaline scales (1 arrow). A third of the
population was attacked by an ectoparasite located between cell body and scale
layer (2, arrows). The parasites could
be distinguished from prey because
they were not ingested by R. coerulea.
The pyriform ectoparasite is 5–6 µm
long and equipped with two contractile
vacuoles and a nucleus. Possibly, it is
a flagellate of the genus Spiromonas.
3, 4: Oxnerella is only 10 µm across
and lacks spicules and scales. The retractable axiopods bear extrusomes (3,
arrowheads). When collapsed by disturbance, extrusome clusters are formed(4,
arrows). N – nucleus.
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Fig. 1 – 5: Heliozoa. Species of the genus Heterophrys are covered with a distinct
layer of mucus. Many needle-like, organic spicules are radiating through this layer. 1,
2: Heterophrys myriopoda (55 µm across) is a rare species in Simmelried and can
be identified by the gap between the gelatinous coat and the body (1, arrowhead).
The green colour is caused by symbiotic algae. At high magnification, the radiating
scales become visible (2). 3 – 5: Heterophrys fockei is only 15 µm across and irregulary formed. It is covered with a delicate, 3–4 µm thick mucuos layer not separated
from the body by a gap, as in H. myriopoda (1). Spicules are visible on the edge of
the coat (3, arrowhead). 4: Focus on the spicules of a squashed specimen. 5: Focus
into the cell of the same specimen. CV – contractile vacuoles, N – nucleus.

118

1

2

CV
3

Fig. 1 – 3: Heliozoa. Species
of the genus Acanthocystis have
two kinds of siliceous spicules
or scales. A layer of tangentially
arranged scales is penetrated
by radiating spines with acute or
bifurcated ends. The base of the
spines is often nail-headed and
attached to the body surface. 1:
Acanthocystis turfacea is about 80
µm across and contains symbiotic
algae. The radiating spines are
forked (arrows and lower inset).
Between the long, forked spines
is a layer of short spines with Vlike ends (arrowheads and upper
inset). 2: The radiating spines of
Acanthocystis aculeata (80 µm
across) are slightly curved and
about one third of the body diameter in length (arrowhead). The
granular appearance of the axopodia is caused by minute extrusomes (arrows). 3: Acanthocystis
erinaceus is similar to A. aculeata,
but can be distinguished by the
smaller size (about 20 µm across)
and the delicate, slightly curved
spines (arrowheads). The tangential scale layer is clearly recognizable in these specimens (arrows).
CV – contractile vacuole.
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Fig. 1 – 5: Heliozoa. 1 – 3: Acanthocystis penardi is about 50 µm across and looks
similar to A. turfacea (shown on forgoing plate), but the radiating spines are not
forked (3, arrowheads) and symbiotic algae are lacking. Instead, the cell is often
filled with starch-like, refractive bodies (1). The nail-headed end of the spines is attached to the cell surface (2, 3, arrows). 4: Acanthocystis myriospina is only 12 µm
across, but has many delicate spicules. They are nearly as long as the granular axopodia (arrowheads). The body is covered with a delicate layer of tangential scales
difficult to recognize. 5: Acanthocystis perpusilla, which occurs on the mud surface,
is only 10 µm across and thus the smallest species of the genus. The cell is covered
with a thick layer of tangential scales (arrow). The radiating spines are 2–4 µm long
(arrowhead). CV – contractile vacuole.
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Fig. 1 – 4: Heliozoa. Raphidiocystis can be distinguished from other heliozoans by
the trumpet-shaped spines. The tangential scales form a compact layer close to the
cell surface. Two species of the genus are common in Simmelried. 1, 2: The spines
of R. glutinosa, which is only about 10 µm across, are broadly funnel-shaped and
extend from a sharply contoured layer of tangential scales (1, arrowhead). In lateral
view, the spines appear forked (1, arrows), while the apical view reveals the circular
aperture, that is, the conical shape of the scales (2, arrows). 3, 4: The long spines
of R. tubifera are trumpet-shaped at the distal end (4, arrows and inset). The lenght
of the spines can vary within a population. The thick tangential layer (3, S) consists
of 6–8 µm long, elliptical scales (4, arrowheads). S – scales.
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Fig. 1 – 5: Pseudoheliozoa. Pseudoheliozoa are a poorly defined group of minute
organisms with characteristics similar to those of the Heliozoa. The main difference
is the lack of axopodia with microtubular axonemes. The pseudoheliozoans have
filose pseudopodia and a stalked test. 1: The rare Hedriocystis brachypous is about
11 µm across and has a polygonal test with a short stalk containing a fine filament
(FI). The filopodia emerge from small perforations in the test (arrow). 2: Hedriocystis pellucida is about 15 µm across and is quite similar to H. brachypous, but has
a long stalk. 3 - 5: Clathrulina elegans is about 30 µm across and lives in a stalked
test with polygonal pores, from which the filopodia emerge. The specimen shown is
in a late stage of division (5). FI – filament, N – nucleus, ST – stalk.
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Fig. 1 – 3: Pseudoheliozoa. Nuclearia
caulescens has many radiating, filose
pseudopodia (1, arrows). The globular
cell is attached to the substrate by a
long, hollow stalk (1). The filopodia
are granulated by minute extrusomes
(1), like in heliozoans. The cells are
20–40 µm across and are covered by
a 10–20 µm thick mucous layer (2, arrowheads). The irregular outline of this
species is caused by amoeboid shape
changes and several contractile vacuoles. Nuclearia caulescens feeds on
flagellates and small ciliates (3, arrow).
CV – contractile vacuoles, EX – extrusomes, N – nucleus, ST – stalk.
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Fig. 1 – 6: Ciliates. Loxodes rostrum (1, 2, 4) and L. striatus (3, 5, 6) are middlesized (length ~ 200 µm) karyorelictean ciliates, that is, the macronucleus does not
divide but originates from a micronucleus anlage. The two species differ mainly
by the nuclear apparatus: two macronucleus nodules with one micronucleus in between in L. rostrum (2, 4) and two widely separate macronucleus nodules each with
a micronucleus in L. striatus (5). Arrows in figure 6 mark the Müller organelles, that
is, barium globules in a vacuole, which are likely gravity receptors. A – symbiotic
algae, MA – macronucleus nodules, MI – micronucleus, OA – oral apparatus.
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Fig. 1 – 5: Ciliates. Stentor spp.
are highly contractile, heterotrichous
ciliates with a mighty zone of adoral
membranelles along the anterior body
margin. Species are distinguished according to the macronucleus pattern
and the colour. 1, 2: Stentor coeruleus
is blueish and, as this unique micrograph shows, up to 4 mm long (1).
The colour is caused by blueish cortical granules (2). 3: Stentor muelleri is
colourless, up to 1 mm long, and has
a mucous lorica. 4, 5: Stentor fuliginosus is golden and up to 500 µm long.
The macronucleus is accompanied
by a single micronucleus (5). AM
– adoral membranelles, CV – contractile vacuole, MA – macronucleus,
MI – micronucleus.
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Fig. 1 – 4: Ciliates. 1 – 3: Stentor niger is 200–
350 µm long and appears yellowish or brownish
in bright field (1) due to cortical pigment granules (3). In contrast to S. amethystinus and S.
fuliginosus, this species lacks symbiotic algae.
The macronucleus of S. niger is accompanied by many micronuclei (arrows). 4: Stentor
polymorphus can reach a length of 2 mm and
is full of symbiotic green algae (inset). In the
mud, where S. polymorphus anchors, are many
Pseudoblepharisma tenue var. viride (arrowheads), which are also green due to symbiotic
algae. FV – food vacuole, MA – macronucleus.
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Fig. 1 – 4: Ciliates. 1 – 3: Stentor amethystinus is up to 500 µm long and has
a mighty adoral zone of membranelles
along the anterior body margin. The
cytoplasm contains symbiotic algae
(3), while the cortex is studded with
amethyst-coloured granules about 1 µm
across (2). The spherical macronucleus
is surrounded by many micronuclei
enveloped in cortical granules (3, arrowheads). 4: Rather frequently, Stentor spp. are parasitized by an about 20
µm long suctorian ciliate, Sphaerophrya
stentori. AM – adoral zone of membranelles, MA – macronucleus.
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Fig. 1 – 5: Ciliates.
Blepharisma spp. are
heterotrichous ciliates
with a long adoral
zone of membranelles
(AM). Most species
are reddish due to cortical granules (5). The
species shown have a
size between 80 and
160 µm and are distinguished by body shape
(tailed vs. rounded,
slender vs. ovate) and
macronucleus pattern
(moniliform; 1, 2 vs.
single nodule; 3, 4).
1: Blepharisma musculus. 2: Blepharisma
persicinum. 3: Blepharisma steinii. 4, 5:
Blepharisma lateritium,
a variety with symbiotic algae. AM – adoral
zone of membranelles,
MA – macronucleus.
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Fig. 1 – 6: Ciliates. Spirostomum spp. are highly contractile, heterotrichous ciliates
with a long adoral zone of membranelles (2, 3, arrows). Species are distinguished
by body size and shape and the nuclear pattern. 1: Spirostomum ambiguum reaches
2 mm and has a moniliform macronucleus. 2, 5: Spirostomum teres is up to 400
µm long and has an ellipsoidal macronucleus (5). 3: Spirostomum minus is up to
600 µm long and has a moniliform macronucleus. 4: Spirostomum semivirescens is
about 1 mm and has symbiotic algae. 6: Spirostomum caudatum reaches a length
of 200–300 µm long and has a long tail (arrowheads, inset), well recognizable in this
freely motile specimens. AM – adoral membranelle, CV – contractile vacuole with
long canal, MA – macronucleus.
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Fig. 1 – 5: Ciliates. Pseudoblepharisma
tenue var. viride is a heterotrichous,
about 300 µm long ciliate common in
the microaerobic Sphagnum mud of
Simmelried. It is related to Blepharisma
and Spirostomum, as indicated by the
long adoral zone of membranelles and
the ability to contract (2, 5). The green (1)
or pink (3) colour is caused by symbiotic
algae (1) and ingested rhodobacteria
(3). Occasionally, the macronucleus is
parasitized and inflated (4, arrow). A
– symbiotic algae, AM – adoral zone of
membranelles, CV – contractile vacuole,
UM – undulating membrane.
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Fig. 1 – 5: Ciliates. Euplotes patella (1, 3 – 5) and E. diadalos (2), which belong to
the hypotrichs, are about 100 µm long, strongly flattened (5) and differ from each
other by the symbiotic green algae. Euplotes has an armour-like cortex and cirri
on the ventral side (3), while rows of minute bristles cover the dorsal side (4). AM
– adoral zone of membranelles, CC – caudal cirri, CV – contractile vacuole, TC
– transverse cirri.
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Fig. 1 – 5: Ciliates. Stichotricha aculeata (1 – 3) and
S. secunda (4, 5) from life
and in the scanning electron
microscope. These about
120 µm long, hypotrichous
(with cirri) ciliates live in a
tube-shaped lorica, which is
brownish due to ferric oxide
depositions. The two species differ mainly by presence (4) vs. absence (1) of
symbiotic algae. Note the
long adoral zone of membranelles (arrows).
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Fig. 1 – 5: Ciliates. Holosticha pullaster (1, 2) and Paraurostyla weissei (3 – 5) are
hypotrichs with the cilia bundled to cirri. 1, 2: Holosticha pullaster is about 80 µm long
and easily identified by the subterminal location of the contractile vacuole (arrow) and
the zigzaging midventral cirri (arrowhead). 3 – 5: Paraurostyla weissei is 200–250
µm long and yellowish due to minute cortical granules, likely mucocysts (4). Details
of the cirral pattern and oral apparatus are well recognizable in the scanning electron
microscope. AM – adoral zone of membranelles, FC – frontal cirri, LMR, RMR – left
and right row of marginal cirri, MA – macronucleus nodules, TV – transverse cirri, UM
– undulating membrane, V1–5 – ventral cirral rows.
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Fig. 1 – 4: Ciliates. Pelagostrombidium viridis is an about 80 µm long planktonic,
oligotrichous ciliate, which is greenish to brownish due to cleptoplasts (stolen chloroplasts from prey algae) still working within the predator. The mighty adoral zone of
membranelles (AM), which drives the organism and collects food, is well recognizable in the scanning electron microscope (2, 4). Arrowhead in figure 4 marks mouth
entrance. AM – adoral zone of membranelles, TR – trichocysts.
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Fig. 1 – 4: Ciliates. Strobilidium caudatum, a 50–60 µm long, oligotrichous
ciliate is easily recognizable by the
campanulate body (1, 3) which, when
attached to a substrate, rapidly rotates
on a slimy filament (2, arrow). The somatic ciliature is reduced to a few spiral
bristle rows (3) well recognizable in the
posterior polar view (4). The anterior
end is occupied by the mighty adoral
zone of membranelles (1, 3). Feeds
on bacteria and algae (1). AM – adoral
zone of membranelles, CR – bristle
(ciliary) rows, FV – food vacuoles.
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Fig. 1 – 5: Ciliates. Metopus and its relatives have a high diversity (see also next
plates). They are anaerobics living in the organic mud, especially in ponds with decaying leaves and in the anaerobic sediment of lakes. 1, 2: Metopus propagatus is a
massive, 150–200 µm long, tailed species. 3: Metopus vestitus is a delicate, 70–80
µm long species with a caudal spine. 4: Conjugation (sex) of M. pulcher. 5: Tropidoatractus acuminatus is about 120 µm long and distinctly spiralized. AM – adoral
zone of membranelles, CV – contractile vacuole, MA – macronucleus.
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Fig. 1 – 4: Ciliates. Diversity of metopids, obligate anaerobics in the mud of ponds.
1, 3: Metopus bacillatus (or M. striatus; courtesy Prof. C. F. Bardele), ventral (1) and
dorsal (3) view in the SEM and interference contrast, where the bacilli-shaped mucocysts appear as minute, bright dots (3). SEM shows the real beauty of this type of
ciliates. 2: Metopus ovalis is about 150 µm long and a typical member of the genus
(courtesy Prof. Bardele). 4: Luido parvulus, an about 40 µm long, aberrant metopid,
has a very short adoral zone (arrowheads) and long cilia bundles. Inset: varied focal
plane. AM – adoral zone of membranelles, MA – macronucleus, PZ – perizonal ciliary array, UM – undulating membrane.
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Fig. 1 – 6: Ciliates. Further metopids (see foregoing plates). 1, 2: Metopus nasutus is
about 130 µm long and has a nose-like process (arrow). 3: Metopus laminarius is up to
260 µm long and one of the largest members of the genus. The adorale zone of membranelles is distinctly spiralized. The shape of the cells can be irregular by masses of
feeded rhodobacteria. 4: Metopus acidiferus is about 100 µm long and a typical member
of the group. 5: Metopus mucicola is a tiny (~ 40 µm) species with a hyaline, slimy lorica.
6: Metopus campanula is about 60 µm long. AM – adoral zone of membranelles, CC
– caudal cilia, CV – contractile vacuole, FV – food vacuoles, MA – macronucleus.
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Fig. 1 – 4: Ciliates. The “aliens” shown on this plate belong to the odontostomatids,
a highly aberrant group living only in anaerobic (sapropelic) mud. 1: Caenomorpha
medusula, length 150 µm. 2: Caenomorpha sapropelica, length 200 µm. 3: Caenomorpha uniserialis, posterior polar view in the scanning electron microscope, long
axis about 60 µm. Arrowheads mark begin and end of adoral zone of membranelles.
4: Discomorphella pectinata has curious ventral spines (arrowheads) and a conspicuous ridge with short ciliary rows (arrow), length 80 µm. CV – contractile vacuole,
FV – food vacuole with rhodobacteria, MA – macronucleus nodules.
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Fig. 1 – 5: Ciliates. This plate shows some odontostomatids, which have a highly
sculptured cortex and complex ciliature (see also foregoing plate). 1, 2: Epalxella
antiquorum, length about 80 µm, right (2) and left (1) side view showing the three
typical concavities (arrowheads). 3: Mylestoma discoideum has a discoidal body
about 40 µm across. 4: Mylestoma anatinum is about 25 µm long and has a ventral
anterior beak. 5: Mylestoma pusillum is a truely minute ciliate (~ 20 µm) with a conspicuous ciliary bundle in body midline. CV – contractile vacuole, MA – macronucleus, OA – site of oral apparatus.
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Fig. 1 – 6: Ciliates. Odontostomatids (see also previous
plates) are obligate anaerobics in the mud of ponds and
lakes. They have complex body shapes and ciliary patterns. 1, 2, 4: Saprodinium dentatum is about 70 µm long
and has 8 (numerals) cortical processes posteriorly. 3:
Right side view of Pelodinium reniforme, which is about
50 µm long and has a highly characteristic crest (ciliary)
pattern. 5, 6: Atopodinium fibulatum is only 40 µm long
and has a conspicuous posterior indentation when
viewed ventrally (6). CC – caudal cilia, OA – site of oral
apparatus.
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Fig. 1 – 4: Ciliates. Phacodinium metchnikoffi is
a rare, about 150 µm long
moss ciliate of doubtful phylogenetic affinity.
Possibly, it is related to
the hypotrichs (Stylonychia, Euplotes) because
the left side has bristle
rows (2) and the cilia are
grouped to cirri (3, 4).
The surface is strongly
ridged, especially on
the left (dorsal) side (2).
1, 4: Right side views,
showing the adoral zone
of membranelles (AM)
extending almost whole
body length. 2: Posterior
polar view. 3: Detail of a
ciliary row. AM – adoral
zone of membranelles,
BR – bristle rows, CV
– contractile vacuole, FV
– food vacuole.
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Fig. 1 – 5: Ciliates. Epispathidium
amphoriforme (1 – 3) and Apertospathula armata (4, 5) belong to the
holotrichously ciliated spathidiids.
The anterior body end is modified to an oral apparatus, whose
bulge (OB) contains toxicysts (EX),
used to capture protists and small
metazoans. 1 – 3: Epispathidium
amphoriforme is about 150 µm long
and has an inconspicuous dorsal
brush (B), that is, three modified
ciliary rows with short, paired cilia
in the anterior region of the dorsal
side. The function of this organelle
is not known. Further details, see
next plate. 4, 5: The tiny A. armata
is only 60 µm long and the short
oral bulge contains minute (~ 1 µm)
toxicysts (5, EX). B – dorsal brush,
CV – contractile vacuole, MA – macronucleus, OB – oral bulge.
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Fig. 1, 2: Ciliates. Epispathidium amphoriforme, ciliary pattern after protargol silver impregnation (see also foregoing plate). Silver impregnation reveals the basal
bodies of the cilia with perfect clarity and is thus the most important tool in ciliate
alpha-taxonomy. The micrographs show the left and right mouth area, that is, the
circumoral ciliary row (CK) and the somatic ciliary rows, which are strongly curved
and densely ciliated anteriorly. The paired basal bodies of the dorsal brush (B) are
well recognizable. B – dorsal brush, CK – circumoral ciliary row (kinety), OB – oral
bulge.
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Fig. 1 – 6: Ciliates. These are rare, fully ciliated spathidiids (~ holotrichs). 1, 2, 4: Rhinothrix porculus is about
100 µm long and has a nose-like elongated (1, 4, arrows),
lasso-shaped oral bulge well recognizable after silver
impregnation (2, arrowheads). 3: Rhinothrix barbatula
is about 100 µm long and has two thorn-shaped dorsal
processes (arrow). 5, 6: Spathidium chlorelligerum is
about 200 µm long and green due to symbiotic algae. The
mouth contains many rod-shaped toxicysts (5). CV – contractile vacuole, MA – macronucleus, OB – oral bulge.
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Fig. 1 – 3: Ciliates. Homalozoon vermiculare is a highly contractile (2, 3), gymnostome ciliate, which can extend to 600 µm (1). The ciliature of the left side is reduced
to three rows of minute bristles (1, 3, arrowheads). The hemispherical oral bulge
contains many toxicysts to capture other ciliates (1, inset, arrows). The function of
the pharyngeal mass (1, arrows) is not known. CV – contractile vacuole, EX – extrusomes, MA – moniliform macronucleus, OB – oral bulge.
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Fig. 1 – 4: Ciliates. Lacrymaria
and Phialina are closely related,
holotrichously ciliated predators. 1 – 3: Lacrymaria olor is
highly flexible and contractile
(1, 2) and reaches up to 500 µm
when the neck is fully extended.
The body is tripartited in head,
neck and trunk (3), which contains two macronucleus nodules
with a micronucleus in between
(2, inset). 4: Phialina pupula is
not contractile. It is about 100
µm long and studded with food
inclusions.
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Fig. 1 – 5: Ciliates. 1, 2: Trachelius ovum is an about 250 µm long, gymnostome ciliate,
which feeds on colonial peritrichs. It is related to Dileptus and thus has a short proboscis, on which the oral bulge (OB) ends at the oral opening (2, OO). In mid-body, there
is a more densely ciliated groove (1, asterisk), the function of which is not known. 3:
Prorodon niveus is an about 350 µm long, laterally flattened, gymnostome ciliate with
long extrusomes in the mouth. 4, 5: Condylostomides tardus is a colourless, about 200
µm long heterotrichous ciliate with three macronucleus nodules (5). AM – adoral zone
of membranelles, CV – contractile vacuole, EX – extrusomes, FV – food vacuole, MA
– mmacronucleus, OA – oral apparatus, OB – oral bulge, OO – oral opening.
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Fig. 1 – 5: Ciliates. Trachelophyllum sigmoides (1
– 4) and Ileonema simplex (5) are rare, rapacious haptorids with a slimy envelope (arrows). At higher magnification and in the scanning electron microscope, the
slime consists of nicely facetted, mushroom-shaped
scales (3, 4). 1 – 4: Trachelophyllum sigmoides is up
to 300 µm long and green due to symbiotic algae. 5: Ileonema simplex is about 140 µm long and has a highly
conspicuous “Mundgeißel” (arrowhead) of unknown
function. CV – contractile vacuole, EX – extrusomes
(toxicysts), L – lipid droplet, MA – macronucleus.
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Fig. 1 – 4: Ciliates.
Kreutzophrya sphagnicola is a new genus and species
discovered in the
mud of Simmelried.
It is 200–250 µm long
(3),
holotrichously
ciliated (1), and has
a
small,
oblique
mouth (1 – 3) with
rod-shaped toxicysts
(4, T). Mouth details,
not recognizable on
the micrographs, define the new genus
Kreutzophrya dedicated to M. Kreutz by W.
Foissner.
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Fig. 1 – 7: Ciliates. These are rapacious, about 100 µm long, holotrichously ciliated,
rare haptorids. 1 – 3: Actinobolina vorax (1) and Dactylochlamys pisciformis (2, 3)
have retractile tentacles each containing a toxicyst (arrowheads). The ciliary rows
extend obliquely (3). 4 – 7: Two, likely undescribed Legendrea species. They have
warts (4, 5, arrowheads) with short extrusomes, while the oral bulge, which spirals
around the cell (asterisks), contains long extrusomes (7, arrows). CV – contractile
vacuole, MA – macronucleus, OB – oral bulge.
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Fig. 1 – 9: Ciliates. This
plate shows a described
(1) and several undescribed (2 – 9) species. 1:
Enchelyodon monilatus,
a 150 µm long haptorid
with moniliform macronucleus. 2: A pyriform
haptorid (Enchelyodon?)
with massive oral bulge,
MA
length 70 µm. 3: A Litonotus lamella-like pleurostome with symbiotic
algae, length 160 µm.
4: A nice Bryophyllum
MA
or Apobryophyllum with
the oral bulge extending
to rear body end, length
140 µm. 5, 6: A cylindrical haptorid with a thick
bristle anteriorly (arrowheads), length 110 µm. 7,
8: An Enchelyodon-like
7
ciliate, likely a new genus, with a thin layer of
fine scales (8, opposed
arrowheads), length 200
9
µm. 9: A strange (haptorid? hymenostome?)
ciliate with a big cleft, length 100 µm. B – dorsal
8 brush, CV – contractile vacuole, EX – extrusomes, MA – macronucleus, OB – oral bulge.
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Fig. 1 – 6: Ciliates. Undescribed gymnostomes (haptorids). 1: A broad Penardiella
with distinct, but hardly flattened extrusome fringe (EX), length 110 µm. 2, 3: Right
side and ventral view of an Arcuospathidium or Apertospathula, length 190 µm. 4: A
curious species likely representing a new genus, length 100 µm. 5: A tiny, new Perispira, length 60 µm. 6: A small Spathidium or Arcuospathidium, length 60 µm. CV
– contractile vacuole, EX – extrusomes, MA – macronucleus, OB – oral bulge.
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Fig. 1 – 7: Ciliates. Undescribed species. 1, 2: A curiously-shaped, large pleurostome haptorid, length 240 µm. 3: A warty spathidiid, length 75 µm. 4, 7: A nice
Perispira or Bryophyllum-like haptorid with conspicuous dorsal brush (arrowheads),
length 160 µm. 5: A prostomatid with many very narrowly spaced ciliary rows, length
130 µm. 6: A globular haptorid with large oral bulge, length 40 µm. EX – extrusomes,
MA – macronucleus, MI – micronucleus, OB – oral bulge.
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Fig. 1 – 5: Ciliates. Amphileptus procerus is a pleurostome ciliate with a laterally
located mouth slit (1) and a fully ciliated right side, while the left has rows of minute
bristles (3 – 5). Arrow in (5) marks region shown at higher magnification in figure 3.
Amphileptus procerus is up to 500 µm long and highly contractile as shown by figures 1 (contracted) and 2 (fully extended). BR – bristles, DB – dorsal brush.
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Fig. 1, 2: Ciliates. Loxophyllum meleagris, an about 400 µm long, majesticly gliding, pleurostomatid ciliate, is easily recognizable by the large size, the moniliform
macronucleus, the curious toxicyst warts (for a detail see next plate), and the naked
left side, which contains rows of minute bristles. The arrow marks the proximal end
of the mouth, while the arrowheads denote the contractile vacuole which has a canal
extending anteriorly. BR – bristle rows, CV – contractile vacuole, DB – dorsal brush,
MA – moniliform macronucleus, W – extrusome warts.
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Fig. 1 – 3: Ciliates (read in context with preceding
plate). 1, 2: Loxophyllum helus is smaller (length ~
200 µm) than L. meleagris and has only two macronucleus nodules. The extrusome warts are as
distinct as in L. meleagris shown in figure 2. This
SEM micrograph shows also a typical feature of
the pleurostomatid ciliates: only the right side is
ciliated, while the left has rows of minute ciliary
stumps. Arrows mark excretory pores of the contractile vacuole. 3: Opisthodon niemeccense is a
rare, about 150 µm long pleurostome with an elliptical shape and a small anterior groove (arrowhead)
containing the dorsal brush. The arrow marks the
serrate body margin, a prominent feature not described in the literature; thus the Simmelried population might be a distinct species. BR – bristle rows,
MA – macronucleus, W – extrusome warts.
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Fig. 1 – 4: Ciliates. Trithigmostoma cucullus from life (4) and in the scanning
electron microscope. Trithigmostoma is a cyrtophorid, about 100 µm long ciliate,
which feeds on diatoms (4) ingested via the oral basket (cyrtos; BA in 3, 4). As an
Aufwuchs dweller, it is ciliated mainly on the ventral side (1), the dorsal bears only a
short (sensory?) ciliary row (2; arrow). BA – oral basket, CV – contractile vacuoles.
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Fig. 1 – 4: Ciliates. Pseudochilodonopsis piscatoris (1; ventral view, length ~ 70
µm) and Chilodonella uncinata (2 – 4; ventral and dorsal views, length ~ 40 µm)
are cyrtophorid ciliates, that is, have a conspicuous oral basket (BA). Chilodonella
uncinata is the classical ciliate, where B. M. Klein discovered the silverline pattern
revealed with silver nitrate (3, 4). B – dorsal brush, BA – oral basket, FV – food vacuole, MA – macronucleus, arrowheads – contractile vacuoles.
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Fig. 1 – 7: Ciliates. Although the adult suctoria lack any cilia, they are true ciliates
because they have a ciliated swarmer and the typical ciliate nuclear apparatus composed of a macronucleus and a micronucleus (2). The adult suctoria have numerous
tentacles with extrusomes (haptocysts) at the distal end to catch the prey. 1 – 7:
Metacineta cuspidata is 30–40 µm high and rare in Simmelried. The lorica has a tapered stalk (1) and four apical clefts (3, arrows), where bundles of tentacles emerge.
The distal region of the tentacles is bent or curled in a characteristic, species-specific manner (4, arrowheads; inset). The sole-shaped swarmer is 30–35 µm long and
dorsoventrally flattened. The ventral side (5) is ciliated, while the dorsal side and the
posterior end bear some small tentacles (6, TC) and long cilia (6, arrowheads). The
new stalk and lorica will be generated by the scopuloid when the swarmer develops
to the adult (7, SC). CV – contractile vacuole, MA – macronucleus, MI – micronucleus, SC – scopuloid, TC – tentacles.
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Fig. 1 – 7: Ciliates. 1, 2: Metacineta mystacina var. brevipes is 30 µm across and
can be distinguished from M. cuspidata (see previous plate) by the straight tentacles
(1, arrowheads) and the six apical clefts (2, arrows). The lorica has a short, tapered
stalk (1, inset) and measures 40–45 µm. 3 – 5: Parapodophrya soliformis is 40–100
µm across and the most common suctor in Simmelried. It has a spherical body with
radiating tentacles. Retracted tentacles appear as tapered cones 2–3 µm high (4,
arrowheads). The prey (in this case the ciliate Holophrya sp.) can be much larger
than the predator and is sucked by the tentacles (5, arrows). 6, 7: Heliophrya minima
(20–50 µm) is a discoidal, strongly flattened suctor attached to the substrate with
the whole body. The tentacles are separate and emerge from the margin (6). CV
– contractile vacuole, MA – macronucleus.
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Fig. 1 – 6: Ciliates. Some suctoria parasitize other ciliates. They penetrate the host
via the mouth or produce a deep host invagination connected to the environment by
a minute tube. After feeding, they divide and generate swarmers. 1 – 4: Some stages
of the life cycle of Sphaerophrya parurolepti, which parasitizes Uroleptus caudatus,
a stichotrichous ciliate. 1: An about 12 µm-sized adult (arrow) attached to the mouth
area. 2: A squashed host with a 27 µm-sized parasite. 3: A squashed host with four
parasites. 4: Three parasites leaving the host. 5, 6: Paramecium bursaria parasitized
by Podophrya or Sphaerophrya sp. Figure 5 shows three parasites in a bottle-shaped
invagination of the host (arrow). When squashed, the globular parasite (PA) and the
ellipsoidal host’s macronucleus become visible (6). The micronucleus is parasitized by
bacteria and thus much larger than usual. CV – contractile vacuole, EX – extrusomes,
MA – macronucleus, MI – micronucleus, PA – parasite.
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Fig. 1 – 7: Ciliates. This plate shows the life cycle of Nassulopsis elegans, an about
200 µm long, nassulid ciliate (1, 2) feeding on filamentous cyanobacteria, which are
taken (6) and transported (4, 5) into the cell by the conspicuous oral basket made of
microtubular rods (6). The coloured droplets are digestion products of the cyanobacteria. After feeding, specimens conjugate (3) or encyst (7). BA – oral basket.

163

*

1

3

2

4

Fig. 1 – 4: Ciliates. Nassulopsis elegans after silver
carbonate impregnation (1
– 3) and in the SEM (4). 1
– 3: Ventrolateral and dorsolateral view showing the
meridionally extending ciliary
rows (basal bodies = rows of
dark dots) and the almost circular synhymenium (arrows),
which is composed of two
parts: a large region where
the minute adoral organelles
are widely spaced (arrows)
and a small dorsal region
where they are very narrowly spaced (arrowheads).
The large oral basked (see
foregoing plate), which is
within the cell, appears as
a dark shadow (asterisk). 4:
When the cell membrane is
removed, the cortical alveoli
become distinct.
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Fig. 1 – 6: Ciliates. Drepanomonas spp. are small, microthoracid ciliates with a
nicely sculptured surface and trichocysts well recognizable in the scanning electron
microscope (5, 6). 1: Drepanomonas dentatum (70–80 µm), left side view. 2, 3:
Drepanomonas spec. (50–60 µm), a likely undescribed species from Simmelried,
in left side (2) and ventral (3) view, showing the strongly sculptured surface. 4, 6:
Drepanomonas revoluta, right side and ventral view, length about 30 µm. 5: Microthoracid ciliates, here Pseudomicrothorax, have curious trichocysts with four
anchor-like processes. OA – entrance to oral apparatus.
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Fig. 1 – 7: Ciliates. Microthorax species are 20–40 µm long and strongly flattened.
The glossy cortex has a complex pattern of crests and furrows, and the ciliature is
strongly reduced. Most are microaerobic and feed on bacteria. 1, 2: Right and left
side view of M. costatus which has a curious cortex pattern (arrows). 3, 4, 6: Microthorax viridis has symbiotic green algae and has a deep furrow on the anterior
left side (4, arrowhead). Note the cordiform entrance to the buccal cavity (6). 5, 7:
Microthorax pusillus is reddish due to ingested sulphur bacteria. Note the complex
cortical pattern in the buccal cavity. CV – contractile vacuole, OA – oral apparatus.
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Fig. 1 – 3: Ciliates. Bryometopus
sphagni (1, 3) and B. viridis (2) are
about 120 µm long and differ mainly by the symbiotic algae (absent
vs. present). Bryometopus belongs
to the colpodid ciliates and has a
conspicuous, oblique mouth well
recognizable both in vivo (1, 2) and
the scanning electron microscope
(3). Both species prefer moss habitats and feed on algae and small
ciliates. AM – adoral zone of membranelles, CV – contractile vacuole,
FV – food vacuoles, UM – undulating membrane.
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Fig. 1 – 4: Ciliates. Paracondylostoma setigerum chlorelligerum from life (1, 3) and
after silver carbonate impregnation (2, 4). This about 70 µm long, colpodid ciliate was
discovered in the Simmelried and is characterized by the symbiotic green algae. Note
the ciliary ribbon (R) from which long, tactile bristles orginate (arrows). A – symbiotic
green algae, MA – macronucleus, R – ciliary ribbon, UM – undulating membrane.
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Fig. 1 – 4: Ciliates. Platyophrya sphagni (1, 2) and Thylakidium pituitosum (3, 4)
are colpodid ciliates with symbiotic algae because they live in a poor habitat, viz.,
in moorland puddles. 1, 2: Platyophrya is a highly flexible, about 40 µm long ciliate
with a minute, subapical oral opening (arrow). It feeds on bacteria and small protists.
3, 4: Thylakidium is about 80 µm long and has a large oral funnel (ends marked by
arrowheads). Thus, it can feed on various algae. The species lives in a very hyaline,
slimy lorica not recognizable in this micrograph.
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Fig. 1 – 3: Ciliates. Bursaria ovata (3), which occurs in the Simmelried, from life,
and B. truncata (1, 2), which does not occur in the Simmelried, in the scanning electron microscope. These are giantic, up to 1 mm long, colpodid ciliates differing, inter
alia, by the shape of the oral tube (OT): U-like (3) vs. semicircular. 1: Frontal view
showing the oral tube entrance. 2, 3: Ventral views. The oral tube contains a large
adoral zone (AM). AM – adoral zone, OT – oral tube.
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Fig. 1 – 5: Ciliates. Vasicola ciliata from life (1 – 3) and after silver carbonate impregnation to reveal the highly ordered, ornamental ciliary pattern (4, 5). This about 130
µm long ciliate lives in a delicate lorica anchored to debris. Vasicola is a sapropelic
ciliate and feeds on rhodobacteria and algae, making the food vacuoles red or green.
The cortex shows a rectangular pattern (3). MA – macronucleus, OO – oral opening.
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Fig. 1 – 4: Ciliates. Pelatractus grandis from life (1, 2, 4) and after silver
carbonate impregnation (3). This about
200 µm long, densely ciliated (3) species lives in a delicate lorica. Pelatractus is a sapropelic species feeding on
a variety of algae, which are ingested
through the large mouth at anterior
body end. The posterior end bears a
blister of unknown function (1, 2). L
– lipid droplets, MA – macronucleus,
MI – micronucleus.
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Fig. 1 – 5: Ciliates. Metacystis lagenula (1 – 3; length with lorica ~ 60 µm ) and
Plagiopyla nasuta (4, 5; lenght ~ 100 µm) are ciliates with unclear systematic position. Metacystis is sessile and has a delicate lorica. The plasm contains symbiotic
green algae. Plagiopyla is a sapropelic ciliate with a large oral apparatus (4, arrow)
and a nice silverline pattern. CC – caudal cilia, CV – contractile vacuole, MA – macronucleus.
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Fig. 1 – 8: Ciliates. Most of the species shown on this
plate can jump (1 – 6) and/or are of uncertain systematic position (1 – 4, 6 – 8). 1, 2: Askenasia volvox, an
about 40 µm long gymnostome, has three ciliary girdles.
3, 4: Halteria grandinella has a diameter of 20–40 µm
and performs fast jumps with rows of bristles in midbody. Likely, it is an oligotrich ciliate, as indicated by
adoral membranelles on anterior body end. 5: Urotricha
8
agilis is an about 15 µm long prostome with a long caudal cilium (arrow). 6: Mesodinium acarus is only 15 µm
long. The ciliature is similar to that of Askenasia, but the mouth contains pin-shaped
processes which can be extruded (arrow). 7, 8: Lagynus elegans is about 100 µm
long and has conspicuous grooves anteriorly. Possibly, it is related to Urotricha (5). AG
– anterior girdle, AM – adoral membranelles, BR – jumping bristles, EX – extrusomes,
MA – macronucleus, MG – middle girdle, MI – micronucleus, PG – posterior girdle.
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Fig. 1 – 4: Ciliates. Holophrya teres
is a 200–300 µm long, common prostomatid ciliate which is very densely
ciliated, especially around the mouth
(4). The mouth is conical and supported by fine rods (1, 2, arrows). In
Simmelried, H. teres occurs mainly in
the mud. MA – macronucleus.
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Fig. 1 – 6: Ciliates. This plate shows prostomatid ciliates which have the mouth entrance in the anterior pole
centre and a complex cortex structure. 1, 2: Apsiktrata
gracilis is about 60 µm long and easily identified by the
oral basket which has a thickened ring anteriorly (2, arrows). 3, 5: Pelagothrix plancticola is about 80 µm long
and easily identified by the large cortical alveoli (3) and
the symbiotic green algae (5). 4: A likely undescribed,
160 µm long Holophrya with distinct brush (arrow). 6:
Holophrya ovum is about 130 µm long and green due to
symbiotic algae. BA – oral basket, CC – caudal cilia, FV
– food vacuoles, MA – macronucleus.
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Fig. 1 – 5: Ciliates. Coleps hirtus (1, 4) and C. amphacanthus (2, 3, 5) have a conspicuous armour composed of a calcified polysaccharide. These two species differ,
inter alia, by body size (~ 55 x 25 µm vs. 70 x 35 µm), body shape (barrel-like vs.
widened in posterior half and distinctly flattened), and the number of plates (~ 15 vs.
25) composing the armour. For details, see next plate. CC – caudal cilium, FV – food
vacuoles, SP – spines.
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Fig. 1 – 5: Ciliates. Coleps hirtus, oral view of armour (1) and
comparison of the structure of the
armour plates in the light (2) and
electron (3–5) microscope. The cilia emerge from the fusiform openings at the plate margin (arrows).
The windows (W) are formed by
a fine, convex sieve reinforced in
the middle, producing the typical
8-shaped appearance in C. hirtus.
WI – windows.
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Fig. 1 – 3: Ciliates. Paramecium aurelia (complex) is about 150 µm long and is common in the mud of Simmelried. Here, the species is shown after Klein-Foissner silver
nitrate impregnation (1, 2) and in the scanning electron microscope, where the metachronal ciliary waves are well recognizable. Silver nitrate impregnation reveals that the
basal bodies of the cilia and the trichocysts are connected by silverlines, suggesting
some “neural” function (1, 2, inset). Arrow in (3) marks mouth entrance. BB – basal
body, CC – caudal cilia, CP – cytopyge, OA – oral apparatus, TR – trichocyst.
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Fig. 1 – 6: Ciliates. This plate shows three
common hymenostome ciliates. 1: Paramecium
putrinum is about 80 µm long and looks unlike a
typical Paramecium (see foregoing plate), similar
as the next species. 2 – 4: Ventral views of Paramecium bursaria, which is about 100 µm long and
packed with symbiotic algae (2, 3). The lenticular
micronucleus is attached to the ellipsoidal macronucleus (4). 5, 6: Lembadion lucens in vivo and
in the scanning electron microscope (6, courtesy
Prof. C.F. Bardele). This species, which is about
60 µm long, has a very large mouth covered by
the cilia of the adoral membranelles in vivo (5).
The cortex structure becomes visible in deciliated
cells and is as in Paramecium (6). The arrow in
(6) marks the pore of the contractile vacuole. CC
– caudal cilia, EX – extrusomes, MA – macronucleus, MI – micronucleus, OA – oral apparatus.
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Fig. 1 – 5: Ciliates. Frontonia atra (1 – 3) and F. leucas (4, 5) in the light (1, 3, 4, 5)
and scanning electron (2) microscope. 1 – 3: Frontonia atra is about 250 µm long
and brownish due to symbiotic bacteria (3), which accumulate to an “eyespot” (1, arrow). Arrowheads mark trichocysts (1, inset). 4, 5: The pale F. leucas reaches 600
µm and has a conspicuous contractile vacuole with long collecting canals (arrows).
It can feed on filamentous cyanobacteria (5). CV – contractile vacuole, FV – food
vacuole, MA – macronucleus, OA – oral apparatus, SB – symbiotic bacteria.
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Fig. 1 – 3: Ciliates. This
population of Frontonia
leucas (length ~ 150
µm) differs from the
usual F. leucas by the
symbiotic algae (1, inset); likely, it is a distinct,
not yet decribed species
or subspecies. Deciliated specimens (3) show
that Frontonia has the
same cortex structure
as Paramecium, while
the mouth is more anteriorly (2) and of different
fine structure. FV – food
vacuoles, MA – macronucleus.
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Fig. 1 – 4: Ciliates.
Urocentrum turbo is
about 70 µm long and
related to the common
Paramecium. It has a
complex ciliary pattern
well recognizable in
the scanning electron
microscope (3) and
after silver impregnation (4). Arrowheads
mark oral apparatus.
The posterior cilia bundle (arrows) secretes a
slimy thread on which
the ciliate rotates rapidly. CV – contractile
vacuole, EP – excretory pore, FV – food vacuole, MA – horseshoeshaped macronucleus,
MI – micronucleus.
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Fig. 1 – 5: Ciliates. The species shown on this plate belong to the scuticociliates,
some of which are very common (e. g., Cinetochilum margaritaceum) or rare (e. g.,
Calyptotricha pleuronemoides). 1: Calyptotricha pleuronemoides lives in a rather
thick and thus conspicuous lorica open at both ends. The specimens, which are
about 50 µm long, contain symbiotic green algae. When just divided, two specimens
inhabit a single lorica. 2: A 30 µm long, undescribed scuticociliate with a 30–35 µm
long caudal cilium and a conspicuous posterior cavity (arrowhead). 3: Cinetochilum
margaritaceum, an about 25 µm-sized, very common ciliate, has a minute concavity at the site of the contractile vacuole (arrowhead). This cavity makes the species
easy to identify, in spite of its minuteness. 4, 5: Cristigera pleuronemoides (4) and
C. phoenix (5) differ by body shape and size (~ 40 µm vs. 60 µm) and details of the
ciliature and postoral furrow. CC – caudal cilia, CV – contractile vacuole, EX – extrusomes, MA – macronucleus, OA – oral apparatus (mouth entrance),
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Fig. 1 – 5: Ciliates. This plate shows further scuticociliates. The scutica forms the
oral apparatus during ontogenesis. 1, 2: Left side and ventral view of Pleuronema
coronatum, an about 100 µm long, common species. 3, 5: Histiobalantium natans (3)
and H. majus (5) differ by size (~ 80 vs. 140 µm) and shape (ellipsoidal vs. oblong).
Arrowheads mark elongated bristles. 4: Kahlilembus attenuatus is only about 40 µm
long and tapered at both ends. CC – caudal cilia, FV – food vacuoles, MA – macronucleus, OA – oral apparatus, UM – undulating membrane.
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Fig. 1 – 3: Ciliates. Sathrophilus vernalis, an about 70 µm long scuticociliate, has an
orange cytoplasm (1) and a curious, ladder-like structure above the oral apparatus
(3, arrowhead). The complex ciliary pattern and cortex can be best seen in scanning electron micrographs of deciliated cells (2, 3). AM – adoral membranelles, CP
– cytopyge, OA – oral apparatus, UM – undulating membrane.
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Fig. 1 – 6: Ciliates. This plate shows further hymenostome ciliates, which are holotrichously ciliated and have a comparatively small mouth composed of three adoral
membranelles and an undulating membrane. 1, 2: Dexiotricha granulosa is 60 µm
long and has ring-shaped cytoplasmic granules (2). 3, 6: Epenardia myriophylli is 130
µm long and has the preoral suture (arrowhead) above the centre of the oral opening.
4: The 160 µm long Loxocephalus luridus is studded with granules and thus difficult
to investigate. 5: Likely, this is Glaucoma frontata, but this has to be checked by silver
impregnation. CV – contractile vacuole, FV – food vacuole, MA – macronucleus, OA
– oral apparatus.
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Fig. 1 – 7: Ciliates. 1, 2: Trichospira inversa is a very rare, about 90 µm long ciliate of unclear systematic affinity. It has a deep buccal cavity (2) and a typical ciliary
spiral (arrow). 3 – 7: Ophryoglena spp. are 100–500 µm long, hymenostome ciliates
which feed on cells of dying metazoans. The deep buccal cavity is 6-shaped and
contains a light sensitive organelle (3 – 5, arrows). The macronucleus is ellipsoidal
(6). The ciliature is very dense and thus shows nice metachronal waves (7). MA
– macronucleus, MI – micronucleus, OA – oral apparatus.
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Fig. 1 – 5: Ciliates. This
plate shows some of
the diversity of the “bellshaped infusorians”, i. e.,
the peritrichs, which have
a conspicuous, apical
ciliary spiral extending
into the oral funnel (2, 5,
arrows). 1, 2, 4: The three
species shown live in a
chitinous lorica: Vaginicola subcrystallina (1) is
about 300 µm long when
fully extended and has
symbiotic green algae;
Vaginicola tincta (2) is
about 100 µm long, and
the lorica is brownish due
to ferric deposits; Thuricola folliculata (4), which
4
5
is about 300 µm long and
has symbiotic algae, can
close the lorica with a subapical operculum (arrow). Note the three microgametes on
lorica bottom (arrowheads) 3: Gerda crassicaule is about 200 µm long and lives in a
slimy lorica too hyaline to be recognizable in this micrograph. The species may form
small colonies. 5: Scyphidia rugosa is attached to debris, while most congeners live
epizooically, that is, are attached to a variety of metazoans. FV – food vacuole, MA
– macronucleus.
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Fig. 1 – 5: Ciliates. Platycola decumbens from life (1 – 3) and in the scanning
electron microscope (4, 5; courtesy Warren & Carey). Platycola decumbens is a
peritrichous ciliate, i. e., related to the well-known Vorticella, which lives in an about
100 µm long lorica with a small collar recognizable in the SEM micrographs. The
upright collar causes that the cells can be seen frontally (3). The lorica is more or
less brownish due to ferric depositions (1, 2).
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Fig. 1 – 5: Ciliates. Campanella
umbellaria, an epistylid peritrich
from life (1, 3, 5) and in the
scanning electron microscope
(2, 4; courtesy Carrey & Warren). This species forms large
colonies with the individual cells
up to 300 µm long. Arrows (2)
mark the conspicuous adoral
ciliary spiral. The cortex shows
a nice rectangular pattern (4).
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Fig. 1 – 4: Ciliates. This plate shows various types of solitary peritrichs. 1, 3: Species of the Vorticella convallaria-group are campanulate, 60–80 x 45–45 µm in size,
and have a long, contractile stalk. Species identification needs silver impregnation.
The yellowish colour of V. citrina is probably caused by specific food items (3). 2:
Cothurnia annulata lives in a neat lorica 40–70 x 20–30 µm in size. The arrowhead
marks the site of the name-giving annulus, that is, the anlage of the aboral ciliary
wreath. Cothurnia attaches with a minute stalk (arrow), which penetrates the lorica,
to various substrates. 4: Rhabdostyla inclinans is about 60 µm long and attaches
with a minute stalk to the bristles and skin of oligochaetes.
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Fig. 1 – 6: Ciliates. The two
species shown occur in the
same habitat and are easily confused because both are
about 100 µm long and have
symbiotic green algae. However, they belong to different
genera! Vorticella chlorostigma
(1, 2) has a striated silverline
pattern (3), while Pseudovorticella fasciculata (4) has a
reticulate pattern (5) recognizable as minute blisters also in
vivo (6, arrow). AW – anlage
of the aboral ciliary wreath, SC
– scopula (stalk).
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Fig. 1 – 5: Ciliates. Trichodina pediculus, which
is about 80 µm across and
related to the peritrichs,
lives on the surface of
Hydra spp. (3, 4). It has
a complex aboral holdfast (1, 2) which generates negative pressure
attaching the cell to the
host, whose epidermis
becomes elevated (5).
Trichodina glides rapidly
on the host with the aboral
ciliary wreath (1, 4). AW
– aboral ciliary wreath,
OW – oral ciliary wreath.
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6. MICRO-METAZOA PLATES

Platyias quadricornis
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Fig. 1 – 3: Rotifers. Testudinella
spp. have a dorsoventrally flattened
lorica with an oval or roundish shape.
The retractile foot is annulated and
extends from a ventral opening. The
foot tip is ciliated. The two lobes of the
corona (1, C) have a band of cilia. All
members of the genus have a pair of
red eyespots. Three species can be
found in floating plants from Simmelried. 1: Testudinella patina is 120–200
µm long and has an almost circular,
transparent lorica. The two muscles,
which retract the corona, are clearly
visible. Note also the branched nephridial tubes. 2: The elliptical lorica
of T. reflexa is 115–160 µm long. 3:
Testudiunella parva var. bidentata is
about 120 µm long and is similar to T.
patina, but has two short spines near
to the posterior lorica margin (arrowheads). C – corona, E – eyespots, FT
– foot, M – muscles, NT – nephridial
tubes, SM – stomach.
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Fig. 1 – 4: Rotifers. 1, 2:
The 130–220 µm long lorica
of Ploesoma lynceus is laterally compressed and pouchshaped. The retractible foot
is annulated and has a pair
of toes (1, arrowhead). The
granulated surface has some
longitudinal ridges (2). Ploesoma lynceus is rare in the
plankton of Simmelried. 3, 4:
Members of the genus Ascomorpha are pouch-shaped,
planktonic rotifers feeding on
dinoflagellates. Ascomorpha
saltans (3; 100–140 µm) has
captured a Peridinium (PR)
and starts to ingest the content. The dark mass (arrow)
is the defaecation reservoir
because Ascomorpha lacks
an anus. Ascomorpha ovalis
(4; 100–200 µm) has a hookshaped structure (arrow) to fix
the captured dinoflagellates.
This species can be recognized by having four brownish
or black defaecation reservoirs. E – eyespot, PR – prey.
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Fig. 1 – 4: Rotifers. The lorica of
Lecane consists of a ventral and a
dorsal plate laterally connected by a
flexible cuticle. The foot projects from
an opening at the posterior end of the
ventral plate. The slender toes can be
partially or completely fused and often
have claws (1, 2, CL). 1: The toes of
L. quadridentata (130–160 µm) are
fused, and the anterior opening of
the brownish lorica is armed with
two ventrally curved spines. 2: The
posterior third of the lorica of L. bulla
(170–180 µm) is tapered and the
shield-like plate, which protects the
foot opening, is well recognizable in
ventral view (arrowhead). 3, 4: The
flexible lorica of L. inermis (90–160
µm) has a transverse fold (arrow) and
longitudinal grooves on the ventral
side (arrowheads). CL – claws.
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Fig. 1 – 4: Rotifers. 1, 2: Keratella cochlearis in the scanning electron microscope (1) and from life
(2). The 80–320 µm long rotifer
has a prominent posterior spine,
and the dorsal and ventral plates
of the lorica are connected by an
inflexible ridge (1, arrowheads).
The dorsal plate shows large
facets (2) and curved anterior spines (asterisks). 3, 4: Anuraeopsis
fissa is 70–130 µm long and is
similar to Keratella, but the plates
of the lorica are joined by a flexible cuticular ridge (3, arrowhead).
The specimen shown in lateral (3)
and dorsal (4) view carries an egg
attached to the posterior end. DP
– dorsal plate, E – eyespot, EG
– egg, LA – lateral antennae, SP
– spine, VP – ventral plate.
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Fig. 1 – 5: Rotifers. Platyias is dorsoventrally flattened and the lorica is made of a
single plate armed with spines. It is distinguished from Brachionus by the segmented, rigid foot. 1: Dorsal (1) and ventral (2, 3) view of P. quadricornis in the scanning
electron microscope (1, 2) and from life (3). The 170–360 µm long species has an
oval or circular lorica with two spines at the posterior margin (1, 3, arrows). Two ventrally curved spines (1, arrowheads) protect the head opening. 4: The smooth lorica
of P. polyacanthus is 220–300 µm long and has two lateral spines and two small
spines (arrows) around the foot opening. 5: Platyias patulus is 170–270 µm long
and has 10–12 spines around the anterior margin (arrowhead). The foot opening is
protected by three spines (arrows). FT – foot.
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Fig. 1 – 3: Rotifers. The roundish lorica of
Lepadella consists of a single plate and is
flattened dorsoventrally. The fused feet have
three or four segments and two pointed toes.
All members of the genus lack spines, but
the lorica can be ornamented. 1: Lepadella
ovalis, the most common member of the genus, is 100–190 µm long and has an ovate
lorica. The toes (T) work like tweezers. 2:
The 65–100 µm long lorica of Lepadella
triptera is conspicuously hexagonal and
keeled dorsally. 3: In ventral view, Lepadella
punctata has circular warts fading laterally.
Above the foot opening, the warts are semicircularly arranged (arrowhead). FT – foot,
T – toes.
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Fig. 1 – 6: Rotifers. The following species are usually found among floating plants
and algae. 1 – 3: Left side views of Colurella obtusa (1, 3; 80–100 µm) and C.
uncinata forma deflexa (2; 60–100 µm). The posterior margin of C. uncinata forma
deflexa bears a distinct spine (2, arrowhead). The lorica of Colurella is laterally
depressed and has a conspicuous ventral cleft well recognizable in the scanning
electron micrograph of C. obtusa (3, arrow). 4. Euchlanis dilata is 200–270 µm
long and has a strongly convex dorsal plate. The long toes of Euchlanis are swordshaped or fusiform. 5, 6: Lophocharis salpina is 120–140 µm long and has a
prominent dorsal keel with some transverse folds (5, arrowhead). The lateral margin
of the lorica is serrated (6, arrow). T – toes.
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Fig. 1 – 4: Rotifers. The rigid
lorica of Trichotria is granulated
(2, right inset) and composed of
large facets. The armored toes
are long and saber-shaped. 1:
Trichotria tetractis (290–390
µm) has short spines at base
of the toes (arrowhead) and no
spine between the toes. The
rigid lorica is granulated and
has a longitudinal fold. 2: The
two main spines (arrowhead)
of Trichotria pocillum (190–280
µm) are long and almost
straight. Additionally, a third,
small spine is visible between
the toes (arrow; left inset). 3, 4:
In contrast to Trichotria, the cuticle of Taphrocampa clavigera
(120–200 µm) is flexible and
transversely folded. This rare,
curious species occurs among
floating plants of Simmelried
and is shown in lateral (3) and
dorsal view (4).
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Fig. 1 – 3: Rotifers. Though
the Simmelried offers only small
ponds a few meters across, some
planktonic rotifers occur, such as
the well known Polyarthra vulgaris. This common species is
100–150 µm long and has 12
feather-like paddles arranged in
four groups with three paddles
each in the shoulder region (2,
arrowheads). The paddles are
well recognizable when they are
spread and the rotifer is viewed
apically (2). When threatened,
the paddles can be spread rapidly to produce a conspicuous jump
backward (2). Polyarthra vulgaris
is attacked, preferably in summer,
by Bertramia asperospora (3, arrows), an intracellular member of
the Apicomplexa. E – eyespot,
LA – lateral antennae (tactile
organs), M – muscles, PD – paddles, SM – stomach.
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Fig. 1 – 4: Rotifers. These planktonic
rotifers from Simmelried have an abundance maximum in summer. 1: Monommata longiseta (200–250 µm) has two
toes are longer than the body, and the
right foot is always longer than the left.
A young and an adult specimen are
shown. 2: The mastax of Microcodon
clavus (170–200 µm) is reddish or pink
in the anterior portion, while yellowish
in the posterior (arrow, inset). The red
eyespot is attached to the cerebral ganglion. 3: The flexible, 250–360 µm long
body of Cyrtonia tuba is cone-shaped
and slightly sigmoid in lateral view.
The eyespot is underneath the cerebral
ganglion. 4: Synchaeta oblonga, which
is 220–250 µm long, is common in the
plankton and has tactile bristles at the
anterior end (arrowheads). BL – bladder, CG – cerebral ganglion, E – eyespot, GL – cement gland, GG – gastric
glands, SM – stomach, VI – vitellarium.
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Fig. 1 – 5: Rotifers. The lorica of Cephalodella is
composed of a dorsal and a ventral plate connected
by flexible membranes in lateral grooves. The corona
is obliquely orientated to the ventral side. The foot
consists of a single segment and has two curved
toes, which can reach the length of the body. 1, 2:
Cephalodella tenuior is a 120–220 µm long, slender
species found among floating plants. The spine-like
toes are curved ventrally. A conspicuous feature of C.
tenuior is a pair of globular crystals near the cerebral
ganglion (arrowheads). 3: Cephalodella auriculata is
80–160 µm long and can be easily recognized by the
ventrally curved, short toes. The eyespot is attached
to the margin of the cerebral ganglion (CG). 4: Cephalodella gibba is 250–450 µm long and is one of
the most common members of the genus. The toes
have two thirds of body length and are curved dorsally. 5: Cephalodella tenuiseta is 260–400 µm long
and has almost straight toes as long as the body. E
– eyespot, CG – cerebral ganglion.
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Fig. 1 – 3: Rotifers. Cephalodella parasitica is 110–200 µm long and adheres to
oligochetes like Chaetogaster and Stylaria (1, arrow), apparently using the corona
(3). Possibly, the species is feeding on epidermal cells of the host. Thus, the
tweezers-like mastax is located apically (2, arrowhead). Detached specimens (2)
swim around searching for a new host. Cephalodella parasitica lacks an eyespot;
the red area near the dorsal side is the stomach (SM).
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Fig. 1 – 4: Rotifers. 1: Eudactylota eudactylota is 550–750 µm long and common
in the mud of Simmelried. The long foot is composed of three segments (inset,
arrowheads) and bears two very long toes (T). During swimming, the toes are often
rapidly spread resulting in conspicuous jumps. The fusiform body has a central
stomach and a single eyespot. 2: Scaridium longicaudum is 360–430 µm long and
similar to E. eudactylota, but the body is cylindroidal and the large stomach, which
is green from algal food, is dorsally located. The red plate in the middle of the head
(arrow, inset) is not an eyespot but pigmentation. Inset: detail of mastax. 3, 4: Filinia
limnetica is 400–500 µm long and is a planktonic rotifer with an ellipsoidal body
having three long bristles originating laterally (arrowheads) and posteriorly. The
bristles can be rapidly spread to jump backwards. Apically, two eyespots with lenses
can be recognized (4, arrowheads). E – eyespots, SM – stomach, T – toes.
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Fig. 1 – 3: Rotifers. Macrochaetus subquadratus is
140–230 µm long and is one
of the most curious rotifers
occurring in Simmelried. The
lorica of this rare species is
dorsally armed with 14 long
spines (1) between which
the pores for the lateral
antennae are visible (1,
arrowheads). In dorsal view,
the lorica is hexagonal and
shows many minute spines
and some larger spinulets (2,
arrowhead). In lateral view,
the granulated ventral plate of
the lorica (3, arrowhead) and
the foot, which is composed
of two segments (3, arrows)
are recognizable. The toes
are slender and pointed. E
– eyespot, SM – stomach, T
– toes.
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Fig. 1 – 4: Rotifers. 1: Trichocerca
longiseta is 200–320 µm long and
can change the colour from yellowish
(young) to dark (old specimens). The
foot is as long as the body, and the
anterior end has a dorsal spine (arrowhead). Inset: detail of mastax. 2: Trichocerca porcellus is 150–260 µm long
and has short, curved toes. The lorica
has a ventral fold (arrowhead). 3, 4:
Trichocerca iernis is 260–300 µm long
and can be recognized by the distinct
neck (3, arrowhead) and the long toes
surrounded by some spinules. When
threatened, cement glands at the base
of the toes produce a trace of mucus (4,
arrowheads). SP – spinules.
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Fig. 1 – 4: Rotifers. Trichocerca
spp. have an ellipsoidal lorica
and spine-like toes (T), often accompanied by spinules (1, inset).
Some species have a slightly
twisted dorsal keel (arrows). The
eyespot is attached to the posterior end of the cerebral ganglion.
1: Trichocerca rattus var. carinata
(150–230 µm) is orange from ingested algae and has a conspicuous keel (arrow). 2, 3: Trichocerca
bicristata is 260–360 µm long and
has an indented keel (arrowhead).
4: Holophrya teres, a large ciliate,
can ingest Trichocerca as a whole
(arrowheads). E – eyespot, SP
– spinules, T – toes.
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Fig. 1 – 4: Rotifers. These are
bdelloid rotifers with a flexible cuticula and a bilobate corona. The
foot bears up to four teeth. All
bdelloids are strongly contractile
and thus difficult to identifiy. 1,
2: Habrotrocha spec. is about
220 µm long and lives in a conspicuous tube. The tubes are ca.
500 µm long and can form large
nests 10 mm across. The stomach lacks a lumen because the
food is digested in cytoplasmic
vacuoles. 3, 4: Dissotrocha macrostyla is 360–480 µm long and
the cuticular folds are covered
with a layer of rod-like structures
(arrowheads). LA – lateral antennae, SM – stomach.
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Fig. 1 – 3: Rotifers. The corona of Collotheca has conspicuous lobes from
which bundles of setae emerge. The
setae, which likely have sensory functions, can reach half the body length
and show active movements. The setae
corona guides the prey to the vestibulum. Most species of Collotheca are
sessile and live in a slimy tube. 1: Collotheca heptabrachiata is 500–850 µm
long and can be recognized by seven
knobed lobes. The dorsal lobe is elongated (arrow, inset). 2, 3: Collotheca
ornata is 400–850 µm long and similar
to C. heptabrachiata, but has only five
lobes. The slimy lorica is often covered
by some diatoms. Inside the lorica, a
deposited egg (EG) is visible. EG – egg,
VS – vestibulum.
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Fig. 1 – 5: Rotifers. 1, 2: Collotheca
ambigua, which is 500–850 µm long,
has a very hyaline lorica and five
lobes without knobs. In lateral and
ventral view, the elongated dorsal
lobe is in focus (arrowheads), while
the lateral lobes are small bulges (2,
arrows). A pair of eyespots is visible
in one of the three eggs (arrow);
they will disappear during larval
development. 3 – 5: Likely, these
figures show the about 400 µm
long C. paradoxa, a species without
lobes. The margin of the corona has
10–20 µm long, bristle-like setae tapered distally (4, arrow). The foot is
attached with a pearl-like, refractile
structure to the bottom of the lorica
(5, arrow). EG – egg, SM – stomach,
VI – vitellarium, VS – vestibulum.
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Fig. 1 – 6: Rotifers. Collotheca atrochoides is 1200–1600 µm long and lives in the
mud of Simmelried (1). The large corona has 120–140 µm long setae (2, SE). The
body and the digestive system are usually dark by food inclusions (1, 2). In a squashed
specimen, the delicate transverse striation of the lorica is visible (3, arrowheads).
Above the stomach is the gullet filled with prey (3, GT). The rudimentary, annulated
foot is usually retracted into the body (4, arrow). The mastax has prominent teeth
to grasp and fix the prey (5, arrows). When squashed, the content of the gullet
is released, showing that it is composed of euglenids and rhodobacteria (6). GT
– gullet, SE – setae, SM – stomach.
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Fig. 1 – 3: Rotifers. 1: Dicranophorus
caudatus is 180–310 µm long and lives
in the mud of Simmelried. This species is
bright due to symbiotic algae in the wall
of the stomach (left inset). The body is
shaped like that of Cephalodella, but the
toes (T) are straight. Two eyespots are on
the cerebral ganglion. Right inset: detail of
mastax. 2: Dorystoma caudata (160–220
µm) can be easily identified by the yellow to
orange stomach and the prominent dorsal
spine above the foot (arrow). The mastax is
attached to a tube (TU) which pierces and
sucks the prey. 3: Notholca acuminata (140–
300 µm) lacks a foot, and the longitudinally
striated lorica has a blunt end. The anterior
margin of the lorica is flexible and armed
with spines (arrowheads). BL – bladder, E
– eyespots, EG – egg, SM – stomach, T
– toes, TU – tube, VI – vitellarium.
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Fig. 1 – 4: Rotifers. Three members
of the genus Squatinella occur in
Simmelried. They can be recognized
by the transparent shield covering the
corona. When gliding over surfaces,
they scrap the organisms under the
shield into the mouth. 1, 3: Squatinella
longispinata, which is 80–140 µm
long and is rare in Simmelried, has
a conspicuous dorsal spine (arrows).
When swimming, the spine is attached
to the body. The lateral (1) and ventral
view (3) show the shield covering
the corona (arrowheads). 2: Three
spines (arrowheads) emerge from the
posterior margin of the 150–220 µm
long Squatinella rostrum. The two red
eyespots have crystalline lenses (2,
inset, arrow). 4: This is Squatinella
tridentata var. mutica, a 100–230
µm long variety lacking the posterior
spines (cp. figure 2, arrowheads). E
– eyespots.
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Fig. 1 – 4: Rotifers. Limnias
melicerta is 800–1000 µm long
and sessile. It builds a brownish,
transparent tube. The tube
material is produced by special
glands in the neck region. While
the secrete hardens, the animal
shapes a new ring by contraction
of the neck region. In an isolated
tube, a retracted specimen with
spirally contracted, annulated
foot is visible (2, FT). The cilia
of the two lobes beat in opposite
directions to generate a stream
of food particles to the centrally
located mouth (3). For species
identification, the wart pattern
of the dorsal neck region is
essential: Limnias melicerta has
seven warts (4, arrowheads). EG
– eggs, FT – foot.
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Fig. 1 – 4: Rotifers. Twigs stems of water
plants and algal filaments are often covered with the tubes of Ptygura pilula, a
1200–1400 µm long rotifer. Ptygura pilula
is sessile and can be easily recognized
by a layer of ellipsoidal pellets covering
the slimy tube (2, arrows). The pellets are
made from faeces and are formed in the
terminal part of the digestive tract. Then,
they are placed on the upper margin of the
tube. The colour of the pellets of this specimen changes with the height of the tube
(2). This indicates a variation of food composition in the life cycle. When the pellets
are removed, the very hyaline, slimy lorica
(3, arrows), which contains many eggs,
becomes visible. In dorsal view, a curious cleft is recognizable (4, arrow), where
a stream of filtered particles leaves the
nearly circular corona (4, arrowhead). EG
– egg, LA – lateral antennae.
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Fig. 1 – 6: Rotifers. 1, 2: Notommata copeus is 600–1000 µm
long and is rare in Simmelried. It
feeds on filamentous algae, e. g.,
Muogeotia. The bursiform body
ends in a conspicuous, blunt tail
(1, arrow). The stomach (SM) is
covered with a layer of yellowish
oil droplets (1, 2). Below the brain
is the retrocerebral organ (2, RO),
whose function is not known. 3
– 6: The stomach appendices
of Itura aurita (180–210 µm) are
studded with symbiotic algae and
dark-coloured food (arrowheads).
3: Dorsal view. 4: Lateral view. 5:
A slightly squashed specimen
shows the ventral corona (CO).
6: Below the cerebral ganglion
(CG), a third eyespot is visible
(arrow). C – corona, CG – cerebral ganglion, E – eyespots, EG
– egg, LA – lateral antennae, SM
– stomach, RO – retrocerebral
organ.
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Fig. 1 – 5: Cladocera. Within the crustacea, the order Cladocera comprises more than
100 species occupying a wide range of niches in freshwater habitats. In Simmelried,
ten Cladocera species were found. 1 – 3: The posterior end of the carapace of Alonella
exisa, which is about 300 µm long and prefers the mud, shows a distinct corner (1,
arrowhead). In apical view, the vertically arranged eyes are visible (2, arrows). Within
the genus Alonella, species can be identified by the fine striation of the reticulated
carapace (3). 4: Simocephalus vetulus is 1.5–4 mm long and has, underneath the tiny
head, a distinct notch in the dorsal margin of the carapace (arrow). The mouth area of
this specimen is colonized by an epizooic Vorticella (arrowheads). An embryo is visible
in the brood chamber. 5: Chydorus sphaericus is 300–500 µm long and can be easily
recognized by the globular shape. BC – brood chamber, E – eyes, EM – embryo.
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Fig. 1 – 3: Cladocera. 1:
Peracantha (Pleuroxus)
truncata is 500–650 µm
long and is common between floating plants of
Simmelried. The posterior
margin of the carapace
bears up to 20 spines with
a lenght of 10–20 µm. The
upper spines are curved
dorsally (arrow). The
complex eye (CE) is much
larger than the second eye
called ocellus (OC). 2, 3:
Ceriodaphnia reticulata is
0.8–1.5 mm long and has
an almost flat dorsal side
ending in a right-angeled
tip (2, arrowhead). The
small head is ventrally
depressed and separated
from the carapace by an
indentation (2, arrow).
Ceriodaphnia can be distinguished from Daphnia
and Simocephalus by the
prominent polygonal patterning of the carapace
(3). CE – complex eye,
OC – ocellus.
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Fig. 1 – 2: Cladocera. 1: Pleuroxus uncinatus is 500–650 µm long and has a conspicuous rostrum often hook-like curved forward. From the posterior end emerge
some tiny teeth (arrow), while the ventral margin is studded with rows of feathered
bristles. 2: Macrothrix rosea is 400–700 µm long and is rare in Simmelried. It can
be recognized by the long first antennae (AN), a bulge over the complex eye (arrowhead), and the blunt tip at the posterior margin of the carapace (arrow). Long bristles
emerge from the ventral margin. AN – antennae, BR – bristles, RS – rostrum.
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Fig. 1 – 5: Cladocera. 1: Scapholebris mucronata is 0.7–1 mm long and swims with
the flat ventral side attached to the water surface. The head bears a conspicuous
horn (arrowhead), while the valves of the carapace are elongated in two processes
(arrow). 2: Lathonura recticornis is rare in Simmelried. The about 1 mm long species
can be recognized by a very small ocellus (arrow) and the oblong shape. In the neck
region, is a gland (arrowhead). 3 – 5: Graptolebris testudinaria is about 600 µm long
and has a shield-like rostrum (3, arrowhead). The posterior end bears two dorsally
curved teeth (4), and the dorsal margin of the carapace has small, clustered teeth
(5, arrowheads).
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Fig. 1 – 3: Copepods. The copepods are aquatic crustacea with a length of about
0.5–3 mm. The larvae of the copepods are called nauplius and have 5 – 6 molting
stages before they become adult. Copepods are one of the most important first-level
consumers in the food chain. They feed on bacteria, protists and insect larvae. In
some habitats, they tend to mass production in spring, but in Simmelried they are
scattered. 1, 2: Macrocyclops albidus is a member of the suborder Cyclopoida and
about 2.5 mm long. Some specimens contain reddish or orange oil droplets around
the digestive tract (2). 3: Attheyella crassa is about 650 µm long and occurs among
floating plants. The body has eight segments and is flexible to crawl between plants
and in the mud. E – eyespot.
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Fig. 1 – 4: Ostracods. The
ostracods are 0.3–7 mm long
crustacea with two chitinous or
calcereous valves connected
by a dorsal hinge. Between egg
and adult they pass up to eight
moulting stages. The ostracods
are dimorphic with different
shapes of the male and female
valves. This and the opacity of
the shells make the identification difficult. In Simmelried,
they are most common in the
mud. 1 – 4: This 470 µm long
species belongs to Cypricercus. The images in darkfield
show a specimen with slightly
opened valves in ventral (1)
and in dorsal view, where the
rectangular eyespot becomes
distinct (2, E). The lateral views
in two focal planes (3, 4) reveal
a brownish dorsal band (3, arrow) and the eyespot (4). AN
– antennae, E – eyespot.

226

E

1
E

2

3

4
Fig. 1 – 4: Ostracods. 1:
This oblong species is a
member of the genus Herpetocypris with a length of 1.4
mm. The valves of this genus
don’t fit exactly because the
left valve overlaps the right
(arrows). 2, 3: Cypridopsis
helvetica is about 700 µm
long and can be distinguished
from the similar C. vidua by a
fourth dark band at the posterior end (2, arrow). In ventral
view, the hairy surface of the
valves is visible (3). 4: This
unidentified ostracod was
squashed to demonstrate the
brittle character of the calcified valves. Fossil ostracoda
can be found in sediments
since the Ordovician period.
E – eyespot.
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Fig. 1 – 4: Bryozoa. Bryozoa are filter-feeding metazoa attached to various submerged substrates, for instance, aquatic
plants. Although bryozoa appear similar to coral polyps, they
are not related. Polyps have a more simple organisation with a
cavity instead of a stomach and they live in radially segmented
tubes, while the bryozoan zooids have a complex organ system and simple gelatinous tubes. Each zooid is equipped with
a retractable, U-shaped crown of tentacles (lophophore). The
ciliated tentacles provide a water stream towards the mouth,
where the food (bacteria, algae, protozoa) is selected. In Simmelried, only one species was recorded. 1: Plumatella repens
is 1–5 mm long and forms branched colonies with a horn-like
macroscopical appearance. The specimen is shown in darkfield with extended lophophore. 2: The retractable tentacles
are about 1 mm long and ciliated (arrowheads). The synchronal ciliary waves conduct food particles towards the mouth. 3,
4: The identification of P. repens is based mainly on the distinct
shape of the 330–450 µm long floatoblasts (3): floatable eggs
with a ring of air-filled cells (4, arrows). LO – lophophore.
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Fig. 1 – 3: Hydrozoa. The
Simmelried is a habitat
for three species of the
genus Hydra. 1, 2: Hydra
oligactis, which is about 3
cm long and rare in Simmelried, can be easily recognized by the brownish
colour. The six tentacles
can reach a length of 25
cm! Usually, reproduction
occurs asexually by buds
(2, BU), which originate at
the junction of the stalk (2,
arrow) and trunk (2, arrowhead). Eggs from sexual
reproduction are produced
under unfavourable conditions. 3: Hydra vulgaris
(~ 2 cm) lacks symbiotic
algae and is thus colourless or greyish. However,
specimens can become
dark or greenish by food
inclusions. The arrow
marks the conical mouth
(“hypostome”). BU – bud.
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Fig. 1 – 3: Hydrozoa. 1: Hydra viridis is 10–15 mm long
and very common in Simmelried. The green colour is
caused by symbiotic algae
of the genus Chlorella (2,
inset). The tentacles contain
four types of nematocysts
which are used to capture
and paralyze the prey, such
as ciliates, annelids, copepods and cladocera. 2: Focal plane on the ectoderm
of a tentacle, where two
kinds of resting nematocysts (penetrants) are visible. The larger stenoteles
(SN) contain a barb-shaped
structure (arrows), while the
smaller desmonemes (DE)
have a coiled tube inside
(arrowheads). 3: When the
tentacle contacts a prey,
the stenoteles explode and
discharge a tube with toxin
into the prey. In the case
shown, a nematode was hit
by numerous penetrants.
SN – stenoteles, DE – desmonemes.
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Fig. 1 – 3: Tardigrades. The tardigrades are segmented metazoans with a usual length of 0.05–1.2
mm. As a group, they can be easily identified by 4
pairs of legs ending in claws (3). Morphological studies and gene sequences reveal a relationship with the
arthropods. The tardigrades are able to form cysts
called “tuns”, which can survive desiccation, frost and
heat for many years. The transformation of the active
animal into this death-like state (cryptobiosis) occurs
within minutes and is accompanied by the loss of
body water and production of the protective sugar
trehalose (a dimer of glucose). This ability enables
tardigrades to occupy extreme habitats. In Simmelried, the tardigrades occur in mosses and in pond
mud. 1: Portrait of a tardigrade (likely Macrobiotus)
showing the single-celled left eye. 2: Lateral view of
a tardigrade with typical, bear-like movement. 3: Ventral view of a crawling specimen. The legs are connected with nerve fibres (arrowheads). CL – claws, E
– eyespot, MO – mouth, SM – stomach.
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Fig. 1 – 5: Tardigrades. 1: The head of the tardigrades contains the so-called buccal
apparatus, that is, a pair of curved stilets (SI) and a contractile bulb (CB) with pump
function. The contact points of the bulb muscles to the esophagus are stiffened by
macroplacoids (arrows). The buccal apparatus is associated with two pyriform salivary glands (SG). 2: Detail of the end of a leg showing the four curved claws. 3, 4: The
tardigrades are moulting animals and change the chitinous cuticle (CC) periodically,
often concomitantly with egglaying (3, EG). The eggs are then protected by the shed
cuticle. The focus on the surface of the cuticle reveals a tubercular pattern (4). 5: This
is the shrinked tun of an unidentified tardigrade in cryptobiosis induced by dessication.
The tun is 95 µm long and can be recovered to life by addition of water. CC – chitinous
cuticle, E – eyespot, EG – egg, ES – esophagus, SG – salivary glands, SI – stilets.
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Fig. 1 – 3: Turbellaria. The turbellaria are worm-like metazoa
with a densely ciliated epidermis. Thus, they are easily confused with large ciliates. The mouth of the turbellaria is on the
ventral side, and the digestive system is composed of a pharynx and an intestine that lacks an anus. Thus, food remnants
are released through the mouth. Some species can produce
a thick mucuos coat by epidermal glands (rhabdoids). 1 – 3:
Microdalyellia armigera is a small, reddish pigmented turbellar rarely exceeding 1 mm (1). The intestine is dark. The head
has two cup-shaped eyespots, and the epidermis is covered
with groups of 2–5 µm long rhabdoids (2, arrowheads; inset).
When squashed, the muscular pharynx becomes visible (3,
PH). E – eyespots, IN – intestine, PH – pharynx.
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Fig. 1 – 3: Turbellaria. 1: Catenula lemnae is 1–5
mm long and can occur in masses. The Catenuladiae are known for asexual reproduction produ-cing
chains of zooids (ZO). After fragmentation, the zooids grow to adult specimens. 2, 3: Typhloplana viridata lacks eyespots and rhabdoids, but has a green
colour due to many symbiotic algae underneath
the epidermis (3, A and inset). The mouth (MO) is
in mid-body and connected to a roundish pharynx
(PH). The protonephridial tubes (PT) extend to an
excretory pore near to the mouth. A – symbiotic
algae, MO – mouth, PH – pharynx, PT – protonephridial tubes, ZO – zooids.
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Fig. 1 – 6: Turbellaria. 1 – 4: Stenostomum leucops is about
1 mm long and has a constriction behind the head (1, arrows)
and two anterior sensory pits (2, arrows). In figure 3, the focus is on the ventrally located, rectangular mouth. In dorsal
view, a protonephridial tube is visible (4, PT). 5, 6: Klattia
virginiensis is 1–1.5 mm long and has a characteristic, snoutlike process which contains the muscular proboscis (PB), an
organ which produces sticky material used for predation. E
– eyespots, IN – intestine, PB – proboscis, PH – pharynx, PT
– protonephridial tubes.
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Fig. 1 – 5: Gastrotricha. The gastrotrichs are metazoans with a flexible body.
While the dorsal side is covered with conspicuous, spiny scales, the ventral side
is covered with cilia. The head has long lateral cilia (1, arrow), while the posterior
end bears two toes (1, arrowheads). 1 – 5: Chaetonotus robustus is about 600 µm
long and is the largest known gastrotrich from freshwater (1). The body has a thick
coat of conspicuous scales (2). In a squashed specimen the digestive tract (D), the
nephridial tubes (NT), and part of an egg (EG) are visible. Arrows mark the spiny
scales, shown at higher magnification and in various positions in figures 4 and 5.
The scales, which are about 30 µm long, are basket-shaped and have a reticulate
structure (4, arrow) and a long spine with a bristle-like end (5, arrowheads). EG
– egg, D – digestive tract, NT – nephridial tubes.
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Fig. 1 – 6: Gastrotricha. 1 – 2: Chaetonotus simrothi is about 400 µm long and is
similar to C. robustus, but the shield-shaped scales have a curved spine orginating
from the scale centre. The lateral view (2) shows the scales (S) and spines (SP)
of the dorsal side and the cilia covering the ventral side (arrowhead). 3: Lateral
view of Chaetonotus spec. in the scanning electron microscope. 4, 5: Chaetonotus
brevispinosus is about 120 µm long and has flat scales tapering to a short spine.
At the posterior end of the body are two tactile bristles (5, arrows). 6: The keeled
spines of a species similiar to C. brevispinosus overlap like the tiles of a roof. CA
– cilia, EG – egg, PH – pharynx, S – scales, SP – spines, T – toes.
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Fig. 1 – 5: Gastrotricha. 1, 2: Chaetonotus acanthophorus is about 100 µm long
and is covered with short spines in the head and neck region (1, arrow). From a
limited dorsal area orginates a bundle of 50 µm long spines (1, 2, arrowheads)
extending beyond the posterior body end. 3: Chaetonotus similis is about 200 µm
long and is covered with bifurcated spines (arrowheads); posteriorly are two straight
bristles (arrows). The digestive tract is slightly pink due to ingested rhodobacteria. 4,
5: The length of the spines of C. zelinkai (200–310 µm) increases gradually towards
the posterior end. The long spines of the posterior third have a small bifurcation (5,
inset, arrow). D – digestive tract, EG – egg, MO – mouth.
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Fig. 1 – 7: Gastrotricha. 1, 2: Chaetonotus sphagnophilus is about 140 µm long
and is similar to C. simrothi, but the scales have a three-pronged base with a central,
long spine (2, arrow) and two bifurcated shorter spines (2, arrowheads). 3, 4: This
specimen of the rare C. vargai is 190 µm long and has a conspicuous transverse
girdle of unbranched spines in the posterior third of the body. From the neck and the
end extend four tactile bristles each (3, 4, arrows). In lateral view (4), the ventrally
curved toes (T) are visible. 5 – 7: Dasydytes ornatus is about 180 µm long and has
circa 80 µm long, branched scales. One pair of scales extends laterally from the
head (5, arrow), while other scales form seven transverse rows on the body (6, arrows). The distal end of the scales is doubly bifurcated (7, arrowheads). T – toes.
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Fig. 1 – 8: Gastrotricha. 1, 2: Haltidytes festinans is about 100 µm long and has two
conspicuous, slightly curved trailing spines on the ventral side (1, arrowhead). From
the head emerge tufts of tactile cilia (1, arrow). The body is bottle-shaped, and below
the neck further spines emerge laterally (2, arrows). 3 – 5: Stylochaeta fusiformis is
about 200 µm long and can be distinguished from Haltidytes by the short toes at the
posterior end (3). From the shoulders orginate bundles of doubly bifurcated spines
(4, arrows). When threatened, Stylochaeta can rapidly jump back by spreading the
spines. The digestive tract is often coloured pink by ingested rhodobacteria (5). 6
– 8: Polymerurus rhomboides is about 300 µm long and has long, segmented toes
(7). It is covered by overlapping rhomboid scales (8). MO – mouth, PH – pharynx,
T – toes.
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Fig. 1 – 4: Nematodes. The nematodes are worm-like,
unsegmented organisms each composed of approximately 1000 cells. The nematodes are the most abundant
multicellular organisms on earth and can be found in the
arctic ice as well as on the ground of the oceans. Many
species are parasitic and dangerous for man (trichinosis). About 20 000 species have been described. One of
them is Caenorhabditis elegans, the first multicellular organism whose genome has been sequenced completely.
About 500 species are known to occur in freshwater. The
identification of nematodes is difficult and needs the investigation of minute morphological features, such as the
structure of the mouth, the cuticle, and the reproductive
system. 1: This unidentified species is about 2 mm long
and shows the general appearance of a nematode. 2,
3: Monhystera stagnalis is 0.7–1.4 mm long and can be
reliably identified by two eyespots equipped with lenses
(2, arrowheads). The cuticle is almost smooth with longitudinal rows of punctuations (3, arrows). 4: View into an
egg of an unidentified nematode. The coiled embryo is
clearly visible through the transparent shell. AU – anus,
E – eyespots, EG – egg, ES – esophagus, IN – intestine,
MO – mouth, O – ovary.
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Fig. 1 – 7: Nematodes. 1: The mouth of some nematodes is equipped with a stylet
to pierce plant cells. This is likely a member of the order Dorylaimida with a hollow
stylet called odontostyle. One of the replaceable odontostyles is attached to the
mouth opening (arrow), while a second has beeen generated near the esophagus
(arrowhead). 2 – 7: This are some unidentified nematodes from the Simmelried
showing various oral structures adapeted to the kind of food (2 – 4). The mouth of
some species is equipped with teeth (3, TE), while in other species the esophagus
is surrounded by a bulb of radial muscles (4, arrow). The lower row of images (5
– 7) shows the different cuticle pattern of these three species. ES – esophagus, OS
– odontostyle, TE – teeth.
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Fig. 1 – 3: Insect larvae. Many species of insect
larvae can be found in the water column of the
Simmelried. 1, 2: Chaoborus crystallinus, the
larva of the phantom midge, is 3–5 mm long.
It is transparent except from the eyes and two
pairs of gas sacs, which keep the larva floating
horizontally (1). Chaoborus crystallinus swims
very rapidly by flexing the body containing strong
muscles, which are blue in these dark-field image
composed of eight micrographs (1). The antennae
evolved to claw-like structures, which are a perfect tool for capturing crustaceans, rotifers and
other insect larvae (2). The digestive tract is often
filled with prey in different stages of digestion (1).
3: The digestive tract of this insect larva (possibly
a member of the Tanypodinae) is green due to
ingested algae. CL – claws, D – digestive tract, E
– eyespots, GS – gas sacks, M – muscles.
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Fig. 1 – 3: Insect larvae. 1, 2: This is
a larva of the caddis fly Tricholeiochiton fagesii (syn: Oxyethira fagesii). The
3.5–4 mm long larva builds a 4 mm long
case of transparent silk. The case is
laterally compressed and open at both
ends. Characteristic are the spider-like,
elongated second and third pair of legs
(1, arrows), while the first pair is shorter
and ends in prey-catching claws (2,
CL, ventral view). 3: This is a mosquito
larva of the genus Culex, which can be
found in masses attached to the water
surface with the respiratory tube (RT).
The genera of the mosquitos can be
distinguished by the length and shape
of this tube and the lateral tufts of hairs
(arrowheads). The larvae are feeding on
particulate organic matter. CL – claws,
D – digestive tract, E – eyespots, MO
– mouth, RT – respiration tube.

244

7. LITERATURE
Papers with an asterisk (*) contain data from the Simmelried, that is, the biotope
investigated in the present study.
Berger, H., Foissner, W. & Kohmann, F. (1997): Bestimmung und Ökologie der Mikrosaprobien nach DIN38410. Gustav Fischer, Stuttgart. VIII + 291 pp.
Foissner, W. (1993): Colpodea (Ciliophora) – Protozoenfauna, 4/1: X + 798 pp.
*Foissner, W. & Kreutz, M. (1996): Redescription of Platyophrya sphagni (Penard
1922) Foissner 1993 (Protozoa, Ciliophora). – Linzer biol. Beitr., 28: 745–756.
*Foissner, W. & Kreutz, M. (1998): Systematic position and phylogenetic relationship
of the genera Bursaridium, Paracondylostoma, Thylakidium, Bryometopus, and
Bursaria (Ciliophora: Colpodea). – Acta Protozool., 37: 227–240.
*Foissner, W. & Kreutz, M. (2005): The Apertospathulidae, a new family of haptorid
ciliates (Protozoa, Ciliophora). – J. Eukaryot. Microbiol., 52: 360–373.
Foissner, W., Blatterer, H., Berger, H. & Kohmann, F. (1991): Taxonomische und
ökologische Revision der Ciliaten des Saprobiensystems – Band I: Cyrtophorida,
Oligotrichida, Hypotrichia, Colpodea. – Informationsberichte des Bayer. Landesamtes für Wasserwirtschaft, 1/91: 1–478.
Foissner, W., Berger, H. & Kohmann, F. (1992): Taxonomische und ökologische Revision der Ciliaten des Saprobiensystems. – Band II: Peritrichia, Heterotrichida,
Odontostomatida. – Informationsberichte des Bayer. Landesamtes für Wasserwirtschaft, 5/92: 1–502.
Foissner, W., Berger, H. & Kohmann, F. (1994): Taxonomische und ökologische
Revision der Ciliaten des Saprobiensystems. – Band III: Hymenostomata, Prostomatida, Nassulida. – Informationsberichte des Bayer. Landesamtes für Wasserwirtschaft, 1/94: 1–548.
Foissner, W., Berger, H., Blatterer, H. & Kohmann, F. (1995): Taxonomische und
ökologische Revision der Ciliaten des Saprobiensystems. – Band IV: Gymnostomatea, Loxodes, Suctoria. – Informationsberichte des Bayer. Landesamtes für
Wasserwirtschaft, 1/95: 1–540.
Foissner, W., Berger, H. & Schaumburg, J. (1999): Identification and ecology of
limnetic plankton ciliates. – Informationsberichte des Bayer. Landesamtes für
Wasserwirtschaft, 3/99: 1–793.
Foissner, W., Agatha, S. & Berger, H. (2002): Soil ciliates (Protozoa, Ciliophora)
from Namibia (Southwest Africa), with emphasis on two contrasting environments, the Etosha region and the Namib Desert. Part I: Text and line drawings,
Part II: Photographs. – Denisia 5: 1–1459.
Förster, K. (1982): Conjugatophyceae (Desmidiales und Zygnematales). In: HuberPestalozzi (ed.), Das Phytoplankton des Süßwassers, Systematik und Biologie,
8. Teil, 1. Hälfte, Vol. XVI, VIII + 543 pp. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart.
*Franke, U. (1980): Libellen im Simmelried bei Hegne auf dem Bodanrück und ihre
Vergesellschaftung. – Jh. Ges. Naturk. Württ., 135: 255–267.

245

Gojdics, M. (1953): The genus Euglena. Univ. of Wisconsin, Madison, Wisconsin.
VIII + 268 pp.
Grospietsch, T. (1972): Wechseltierchen (Rhizopoden). Franckh‘ sche Verlagshandlung, Stuttgart. 80 pp.
*Hippe, E. & Kreutz, M. (1997): Leptomyxa reticulata – eine große Amöbe oder viele
kleine? – Mikrokosmos, 86: 245–248.
Holstein, T. & Emschermann, P. (1995): Cnidaria: Hydrozoa, Kamptozoa. –
Süßwasserfauna von Mitteleuropa, 1/2 + 3: IX + 142 pp.
Huber-Pestalozzi, G. (1938): Das Phytoplankton des Süßwassers, Systematik und Biologie. Blaualgen, Bakterien, Pilze, allgemeiner Teil, Vol. XVI.
Schweizerbart’sche Verlagsbuchhandlung, Stuttgart. 342 pp.
Huber-Pestalozzi, G. (1968): Das Phytoplankton des Süßwassers, Systematik und
Biologie. Cryptophyceae, Chloromonadophyceae, Dinophyceae, 3. Teil, Vol. XVI.
Schweizerbart’sche Verlagsbuchhandlung, Stuttgart. IX + 310 pp.
Huber-Pestalozzi, G. (1969): Das Phytoplankton des Süßwassers, Systematik und
Biologie. Euglenophyceen, 4. Teil, Vol. XVI. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart. IX + 606 pp.
Huber-Pestalozzi, G. (1974): Das Phytoplankton des Süßwassers, Systematik und
Biologie. Chlorophyceae (Grünalgen), Ordnung Volvococcales, 5. Teil, Vol. XVI.
Schweizerbart’sche Verlagsbuchhandlung, Stuttgart. VII + 745 pp.
Huber-Pestalozzi, G. (1975): Das Phytoplankton des Süßwassers, Systematik und
Biologie. Diatomeen, 2. Teil, Vol. XVI. Schweizerbart’sche Verlagsbuchhandlung,
Stuttgart. X + 183 pp.
Huber-Pestalozzi, G. (1976): Das Phytoplankton des Süßwassers, Systematik und
Biologie. Chrysophyceen, farblose Flagellaten, Heterokonten, 2. Teil, 1. Hälfte,
Vol. XVI. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart. 365 pp.
Huber-Pestalozzi, G. & Fott, B. (1972): Das Phytoplankton des Süßwassers, Systematik und Biologie. Chlorophyceae (Grünalgen), Ordnung Tetrasporales, 6.
Teil, Vol. XVI. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart. X + 116 pp.
Kahl, A. (1930): Urtiere oder Protozoa. I. Wimpertiere oder Ciliata (Infusoria). 1.
Allgemeiner Teil und Prostomata. – Tierwelt Dtl., 18: 1–180.
Kahl, A. (1931): Urtiere oder Protozoa. I. Wimpertiere oder Ciliata (Infusoria). 2.
Holotricha außer den im 1. Teil behandelten Prostomata. – Tierwelt Dtl., 21:
181–398.
Kahl, A. (1932): Urtiere oder Protozoa. I. Wimpertiere oder Ciliata (Infusoria). 3.
Spirotricha. – Tierwelt Dtl., 25: 399–650.
Kahl, A. (1935): Urtiere oder Protozoa. I. Wimpertiere oder Ciliata (Infusoria). 4.
Peritricha und Chonotricha. – Tierwelt Dtl., 30: 651–886.
Komárek, J. & Fott, B. (1983): Chlorophyceae (Grünalgen), Ordnung Chlorococcales. In: Huber-Pestalozzi (ed.), Das Phytoplankton des Süßwassers, Systematik
und Biologie, 7. Teil, 1. Hälfte, Vol. XVI, X + 1044 pp. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart.
Krammer, K. & Lange-Bertalot, H. (1986): Bacillariophyceae – 1. Teil: Naviculaceae.
In: Ettl, H., Gerloff, J., Heynig, H. & Mollenhauer, D. (eds.), Süßwasserflora von
Mitteleuropa, Vol. 2/1, XVI + 876 pp. Gustav Fischer, Stuttgart.

246

Krammer, K. & Lange-Bertalot, H. (1988): Bacillariophyceae – 2. Teil: Bacillariaceae,
Epithemiaceae, Surirellaceae. In: Ettl, H., Gerloff, J., Heynig, H. & Mollenhauer,
D. (eds.), Süßwasserflora von Mitteleuropa, Vol. 2/2, XI + 596 pp. Gustav Fischer,
Stuttgart.
Krammer, K. & Lange-Bertalot, H. (1991): Bacillariophyceae – 3. Teil: Centrales,
Fragilariaceae, Eunotiaceae. In: Ettl, H., Gerloff, J., Heynig, H. & Mollenhauer, D.
(eds.), Süßwasserflora von Mitteleuropa, Vol. 2/3, XIII + 576 pp. Gustav Fischer,
Stuttgart.
Krammer, K. & Lange-Bertalot, H. (1991): Bacillariophyceae – 4. Teil: Achnanthaceae, kritische Ergänzungen zu Navicula (Lineolatae) und Gomphonema. In: Ettl,
H., Gerloff, J., Heynig, H. & Mollenhauer, D. (eds.), Süßwasserflora von Mitteleuropa. Vol. 2/4, IX + 437 pp. Gustav Fischer, Stuttgart.
*Kreutz, M. (1996): Euglena convoluta – ein seltener Vertreter dieser FlagellatenGattung. – Mikrokosmos, 85: 361–364.
*Kreutz, M. (1998a): Ein Flagellat mit Bakterienhülle – Entdeckung einer neuen Art.
– Mikrokosmos, 87: 107–110.
*Kreutz, M. (1998b): Pseudoblepharisma tenue var. chlorelligera – ein Ciliat mit
zwei Symbionten. – Mikrokosmos, 87: 167–171.
*Kreutz, M. (1998c): Beobachtungen an zwei Arten der Ciliatengattung Drepanomonas. – Mikrokosmos, 87: 321–327.
*Kreutz, M. (1999a): Vorticella chlorostigma und Pseudovorticella fasciculata – zwei
Glockentierchen mit Zoochlorellen. – Mikrokosmos, 88: 85–90.
*Kreutz, M. (1999b): Ein neuer Fundort von Stentor niger. – Mikrokosmos, 88:
289–291.
*Kreutz, M. (2001a): Ein neuartiger Parasit von Euglena acus. – Mikrokosmos, 90:
29–32.
*Kreutz, M. (2001b): Limnias melicerta – ein wenig verbreitetes Rädertier in einem
ungewöhnlichen Gehäuse. – Mikrokosmos, 90: 65–68.
*Kreutz, M. (2002a): Collotheca atrochoides – ein im Benthos lebendes Rädertier.
– Mikrokosmos, 91: 93–96.
*Kreutz, M. (2002b): Metacystis lagenula – ein Leben im Verborgenen. – Mikrokosmos, 91: 17–19.
*Kreutz, M. (2003a): Spathidium porculus – ein Ciliat mit Rüssel. – Mikrokosmos,
92: 51–54.
*Kreutz, M. (2003b): Rhaphidiophrys coerulea und Spiromonas spec. – ein neuer
Fall von Parasitismus bei den Heliozoen. – Mikrokosmos, 92: 95–98.
*Kreutz, M. (2003c): Aus dem Tümpel ins Dokument – Von der Beobachtung zur
Publikation. Teil 1: Untersuchungstechniken und Identifizierung von Protozoen.
– Mikrokosmos, 92: 289–296.
*Kreutz, M. (2003d): Aus dem Tümpel ins Dokument – Von der Beobachtung zur
Publikation. Teil 2: Dokumentation und Veröffentlichung. – Mikrokosmos, 92:
355–360.
*Kreutz, M. & Mayer, P. (1998): Parapodophyra soliformis – ein wenig bekannter
Suktor im Süßwasser. – Mikrokosmos, 87: 45–50.

247

*Kreutz, M. & Mayer, P. (1999): Calyptotricha pleuronemoides – ein Ciliat in einer
Röhre. – Mikrokosmos, 88: 27–30.
*Kreutz, M. & Mayer, P. (2000): Ileonema simplex – ein Ciliat mit einem außergewöhnlichen Mundorganell. – Mikrokosmos, 89: 193–196.
*Kreutz, M. & Mayer, P. (2002): Tropidoatractus acuminatus – ein Ciliat mit vielen
Formenvarianten. – Mikrokosmos, 91: 163–166.
Lee, J.J., Leedale, G.F. & Bradbury, P. (eds., 2000): An illustrated guide to the protozoa. 2nd. ed. Society of Protozoologists, Allen Press. 1432 pp.
Lenzenweger, R. (1996): Desmidiaceenflora von Österreich, Teil 1. – Bibliotheka
Phycologica, 101:1–157.
Lenzenweger, R. (1997): Desmidiaceenflora von Österreich, Teil 2. – Bibliotheka
Phycologica, 102: 1–216.
Lenzenweger, R. (1999): Desmidiaceenflora von Österreich, Teil 3. – Bibliotheka
Phycologica, 103: 1–218.
Lenzenweger, R. (2003): Desmidiaceenflora von Österreich, Teil 4 – Bibliotheka
Phycologica, 111: 1–87.
Matthes, D., Guhl, W. & Haider, G. (1988): Suctoria und Urceolariidae (Peritricha).
– Protozoenfauna, 7/1: 309 pp.
*Mayer, P. & Kreutz, M. (1998): Nuclearia caulescens, eine noch wenig erforschte
Amöbenart. – Mikrokosmos, 87: 307–310.
*Mayer, P. & Kreutz, M. (1999): Vasicola ciliata – ein violettfarbener Ciliat in einer
Lorica. – Mikrokosmos, 88: 321–326.
*Mayer, P. & Kreutz, M. (2003): Vampyrella parasitiert Eudorina elegans. – Mikrokosmos, 92: 1–5.
Odgen, C.G. & Hedley, R.H. (1980): An atlas of freshwater testate amoebae. Oxford
Univerity Press, Oxford. 222 pp.
Page, F.C. (1976): An illustrated key to freshwater and soil amoeba with notes on
cultivation and ecology. Freshwater Biological Association. 155 pp.
Page, F.C. & Siemensma, F. J. (1991): Nackte Rhizopoda und Heliozoa. – Protozoenfauna 2: XI + 297 pp.
Patterson, D.J. & Hedley, S. (1992): Free-living freshwater protozoa. A colour guide.
Wolfe Publishing Ltd., Aylesbury (England). 223 pp.
Penard, E. (1904): Les hèliozoaires d’eau douce. H. Kündig, Genève. 341 pp.
Rainer, H. (1968): Urtiere, Protozoa; Wurzelfüßler, Rhizopoda; Sonnentierchen,
Heliozoa. – Tierwelt Dtl., 56: 1–176.
Schwank, P. & Bartsch, I. (1990): Gastrotricha und Nemertini. – Süßwasserfauna
von Mitteleuropa, 3/1 + 2: IX + 262 pp.
Siemensma, F.J. (1987): De Nederlandsee Naaktamoeben (Rhizopoda, Gymnamoebia). Koninklijke Nederlandse Natuurhistorische Vereniging, Hoogwoud.
132 pp.
Skuja, H. (1948): Taxonomie des Phytoplanktons einiger Seen in Uppland, Schweden. – Symb. bot. upsal., 9: 1–399.
Skuja, H. (1956): Taxonomische und biologische Studien über das Phytoplankton
schwedischer Binnengewässer. – Nova Acta R. Soc. Scient. upsal. (Ser. IV), 16:
1–404.

248

Skuja, H. (1964): Grundzüge der Algenflora und Algenvegetation der Fjeldgegenden
um Abisko in Schwedisch-Lappland. – Nova Acta R. Soc. Scient. upsal. (Ser. IV),
18: 1–464.
Skuja, H. (1976): Zur Kenntnis der Algen Neuseeländischer Torfmoore. – Nova Acta
R. Soc. Scient. upsal. (Ser. V, C.2), 2: 1–158.
Stahlschmidt, J. (1987): Der TTL-gesteuerte Elektronenblitz in der Mikrofotografie.–
Mikrokosmos, 76: 9–17.
Stahlschmidt, J. (1991): Bau eines universellen Mikroblitzes. – Mikrokosmos, 80:
212–217.
Streble, S. & Krauter, D. (2002): Das Leben im Wassertropfen. 9th ed. Franckh’sche
Verlagshandlung, Stuttgart. 428 pp.
Voigt, M. (1957): Rotatoria. Die Rädertiere Mitteleuropas. Bornträger, Berlin. 505
pp.
Ward, H.B. & Whipple G.C. (1959): Freshwater Biology. 2nd ed. John Wiley & Sons,
New York. XX + 1248 pp.

8. INTERNET
http://bio.rutgers.edu/euglena/
http://megasun.bch.umontreal.ca/protists/otherprodbs.html
http://protist.i.hosei.ac.jp
http://starcentral.mbl.edu/mv5d/
http://www.algaterra.net/
http://www.cyanodb.cz/1a.html
http://www-cyanosite.bio.purdue.edu/images/images.html
http://www.nies.go.jp/chiiki1/protoz/

249

9. INDEX
The index is two-sided, that is, the same species is mentioned with the genus name
ahead and with the species name ahead. This makes it easy to find a species even
if it has been transferred to another genus. Bold page numbers refer to the page(s)
where the genus and or species is depicted.

A
abbreviatum, Cosmarium 78
abscissa pellucida, Petalomonas 49
Acanthocystis 118, 119
Acanthocystis aculeata 118
Acanthocystis erinaceus 118
Acanthocystis myriospina 119
Acanthocystis penardi 119
Acanthocystis perpusilla 119
Acanthocystis turfacea 118, 119
acanthophorus, Chaetonotus 237
acaroides, Mallomonas 26
acarus, Mesodinium 12, 173
Achnanthes 29, 32
Achnanthes minutissima 32
Achromatium 16
Achromatium oxaliferum 16
acicularis, Nitzschia 31
acidiferus, Metopus 12, 137
Acropisthium 11
Acropisthum mutabile 11
Actinastrum 62
Actinastrum hantzschii 62
Actinobolina 11, 150
Actinobolina vorax 11, 150
actinosphaerii, Chlamydomonas 113
Actinosphaerium 113
Actinosphaerium eichhornii 113
Actinosphaerium eichhornii viridis 113
aculeata, Acanthocystis 118
aculeata, Centropyxis 106
aculeata, Stichotricha 13, 131
acuminata, Difflugia 104
acuminata, Frontonia 11
acuminata, Notholca 215
acuminatum, Gomphonema 32
acuminatus, Phacus 46
acuminatus, Scenedesmus 67
acuminatus, Tropidoatractus 13, 135

acunae, Scenedesmus 67
acus, Cyclidiopsis 40
acus, Euglena 33, 43
acus, Heteronema 47
acutum, Closterium 84
acutus, Scenedesmus 67
aeruginosum, Gymnodinium 58
affinis, Euplotes 11
agardhianum, Nephrocytium 65
agilis, Urotricha 13, 173
alba, Nymphaea 3, 4
albidus, Macrocyclops 224
Alonella 220
Alonella exisa 220
alpestris, Pseudocyrtholophosis 12
ambigua, Collotheca 213
ambiguum, Spirostomum 12, 128
americana, Uroglena 23
amethystinus, Stentor 12, 125, 126
Amoeba 87
Amoeba proteus 87
Amoebophilus 93
Amoebophilus simplex 93
amphacanthus, Coleps 11, 176
Amphileptus 11, 154
Amphileptus claperedii 11
Amphileptus pleurosigma 11
Amphileptus procerus 11, 154
amphoriforme, Epispathidium 12, 142,
143
ampla, Gloeocystis 71
ampla, Lobomonas 59
ampulla, Cyphodera 110
Anabaena 18, 21
anabaenae, Phyctidium 21
anatinum, Mylestoma 12, 139
angusta, Frontonia 11
angustus, Metopus 12
Anisonema 47
Anisonema obliquum 47
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Anisonema ovalis 47
annulata, Cothurnia 11, 191
Anthophysa 50
Anthophysa vegetans 50
antiquorum, Epalxella 12, 139
Anuraeopsis 198
Anuraeopsis fissa 198
Apertospathula 11, 142, 152
Apertospathula armata 11, 142
Aphanothece 18
Aphanothece nidulans 18
apiculata, Micrasterias 81
Apiocystis 70
Apiocystis brauniana 70
Apobryophyllum 151
Apogromia 108
Apogromia mucicola 108
aponina, Gomphosphaeria 19
appropinquatae, Caricetum 3, 6
Apsiktrata 11, 175
Apsiktrata gracilis 11, 175
Arcella 102, 103
Arcella conica 103
Arcella dentata 102
Arcella gibbosa 103
Arcella vulgaris 102
archeri, Diplophyrys 101
Arcuospathidium 152
armata, Apertospathula 11, 142
armata, Trachelomonas 38
armata, Urotricha 13
armatus, Scenedesmus 67
armigera, Microdalyellia 232
Ascomorpha 196
Ascomorpha ovalis 196
Ascomorpha saltans 196
Askenasia 11, 173
Askenasia volvox 11, 173
asperospora, Bertramia 203
Aspidisca 11
Aspidisca costata 11
Aspidisca lynceus 11
Astasia 48
Astasia breviaciliatum 48
Astasia harrisii 48
Astasia kathemerios 48
Asterococcus 70
Asterococcus superbus 70
Atopodinium 11, 140

Atopodinium fibulatum 11, 140
atra, Frontonia 11, 180
atrochoides, Collotheca 214
attenuatus, Kahlilembus 11, 184
Attheyella 224
Attheyella crassa 224
aurea, Obertrumia 12
aurelia-complex, Paramecium 12, 178
auriculata, Cephalodella 205
aurita, Itura 219
avicula, Staurodesmus 76

B
bacillatus, Metopus 12, 136
bacillifera, Difflugia 104
barbatula, Rhinothrix 12, 144
Bertramia 203
Bertramia asperospora 203
Bicoeca 51, 52
Bicoeca exilis 51
Bicoeca lacustris 51
Bicoeca petiolata 51
Bicosoeca 51
Bicosoeca lacustris 51
Bicosoeca petiolata 51
bicristata, Trichocerca 210
bilimbosum, Cochliopodium 99
bipes, Peridinium 57
bipunctata, Macromonas 16
Blepharisma 11, 127, 129
Blepharisma lateritium 11, 127
Blepharisma musculus 11, 127
Blepharisma persicinum 11, 127
Blepharisma steinii 11, 127
Botryococcus 63
Botryococcus braunii 63
botrys, Gomphosphaeria 19
botrytis, Codonosiga 53
botrytis, Cosmarium 79
Brachionus 199
brachykentron, Phacus 44
brachypous, Hedriocystis 121
brasiliensis, Scenedesmus 67
brauniana, Apiocystis 70
braunii, Botryococcus 63
braunii, Dactylothece 68
brebissonii, Cosmarium 79
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brebissonii, Cylindrocystis 75
breviaciliatum, Astasia 48
brevispinosus, Chaetonotus 236
Bryometopus 11, 166
Bryometopus sphagni 11, 166
Bryometopus viridis 11, 166
Bryophyllum 152, 153
buetschli, Urozona 13
bulla, Lecane 197
Bursaria 11, 169
Bursaria ovata 11, 169
bursaria, Paramecium 12, 161, 179
Bursaria truncata 169

C
Caenomorpha 11, 138
Caenomorpha medusula 11, 138
Caenomorpha sapropelica 11, 138
Caenomorpha uniserialis 11, 138
Caenorhabditis 240
Caenorhabditis elegans 240
Calothrix 21
Calyptotricha 11, 183
Calyptotricha pleuronemoides 11, 183
Campanella 11, 190
Campanella umbellaria 11, 190
campanula Metopus 12, 137
Caricetum 3, 6
Caricetum appropinquatae 3, 6
Caricetum elatae 3, 6
carolinense, Chaos 88
Catenula 233
Catenula lemnae 233
caudata, Dorystoma 215
caudata, Mallomonas 26
caudata, Trachelomonas 39
caudatum, Paramecium 12
caudatum, Spirostomum 12, 128
caudatum, Spondylomorum 59
caudatum, Strobilidium 13, 134
caudatus, Dicranophorus 215
audatus, Metopus 12
caudatus, Uroleptus 13, 161
caulescens, Nuclearia 122
Centropyxis 106
Centropyxis aculeata 106
Cephalodella 205, 206, 215

Cephalodella auriculata 205
Cephalodella gibba 205
Cephalodella parasitica 206
Cephalodella tenuior 205
Cephalodella tenuiseta 205
Ceratium 57
Ceratium cornutum 57
Ceriodaphnia 221
Ceriodaphnia reticulata 221
Chaetogaster 206
Chaetonotus 235, 236, 237, 238
Chaetonotus acanthophorus 237
Chaetonotus brevispinosus 236
Chaetonotus robustus 235, 236
Chaetonotus similis 237
Chaetonotus simrothi 236
Chaetonotus sphagnophilus 238
Chaetonotus vargai 238
Chaetonotus zelinkai 237
Chaetophora 74
Chaetosphaeridium 69
Chaetosphaeridium globosum 69
Chaoborus 242
Chaoborus crystallinus 242
Chaos 88
Chaos carolinense 88
Characiellopsis 68
Characiellopsis skujae 68
Characium 68
Characium rostratum 68
charkowiensis, Euglena 34
Chilodonella 11, 158
Chilodonella uncinata 11, 158
Chilomonas 56
Chilomonas oblonga 56
Chlamydomonas 70, 113
Chlamydomonas actinosphaerii 113
Chlathrulina 121
Chlathrulina elegans 121
Chlorangiella 71
Chlorangiella polychlora 71
Chlorella 229
chlorelligerum, Spathidium 12, 144
chlorina, Oscillatoria 22
Chlorobotrys 61
Chlorobotrys polychloris 61
chlorostigma, Vorticella 13, 192
Choanocoeca 52
chodatii, Quadrigula 62
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Chromulina 28
Chromulina freiburgensis 28
Chromulina obconica 28
Chroococcus 20
Chroococcus giganteus 20
Chroomonas 56
Chrysostephanosphaera 27
Chrysostephanosphaera globulifera
27
Chydorus 220
Chydorus sphaericus 220
ciliata, Euglypha 109
ciliata, Vasicola 13, 170
Cinetochilum 11, 183
Cinetochilum margaritaceum 11, 183
Cladietum 3, 4
Cladietum marisci 3, 4
claperedii, Amphileptus 11
clava, Saccamoeba 91
clavigera, Taphrocampa 10, 202
clavus, Microcodon 204
closterii, Vampyrella 96
closterioides, Quadrigula 62
Closterium 83, 84, 86
Closterium acutum 84
Closterium cornu 86
Closterium dianae 85
Closterium ehrenbergii
malinvernianum 83
Closterium incurvum 86
Closterium kützingii 84
Closterium moniliferum 83
Closterium nematodes 85
Closterium rostratum 84
Closterium striolatum 84
Closterium turgidum borgei 86
Cocconeis 32
Cocconeis placentula 32
cochleare, Ophiocytium 61
cochlearis, Keratella 198
Cochliopodium 99
Cochliopodium bilimbosum 99
Cochliopodium vestitum 99
Codonocladium 53
Codonocladium umbellatum 53
Codonosiga 53
Codonosiga botrytis 53
Coelastrum 66
Coelastrum reticulatum 66

Coelastrum sphaericum 66
Coelosphaerium 20
Coelosphaerium kuetzingianum 20
coerulea, Raphidiophrys 116
coeruleus, Stentor 12, 124
Coleochaete 74
Coleps 11, 176, 177
Coleps amphacanthus 11, 176
Coleps hirtus 11, 176, 177
Collotheca 30, 212, 213, 214
Collotheca ambigua 213
Collotheca atrochoides 214
Collotheca heptabrachiata 212
Collotheca ornata 212
Collotheca paradoxa 213
Colpidium 2, 10
Colpidium colpoda 2, 10
colpoda, Colpidium 2, 10
Colurella 201
Colurella obtusa 201
Colurella uncinata deflexa 201
communis, Phragmites 3, 4, 6
complanatum, Trinema 101
compressa, Euglypha 109
Condylostomides 11, 147
Condylostomides tardus 11, 147
conica, Arcella 103
constricta, Scyphidia 12, 188
convallaria, Vorticella 13, 191
convallaria, Vorticella citrina 13, 191
convervicola, Mischococcus 28
convoluta, Euglena 36
copeus, Notommata 218
cornu, Closterium 86
cornutum, Ceratium 57
coronatum, Pleuronema 12, 184
Cosmarium 77, 78, 79
Cosmarium abbreviatum 78
Cosmarium botrytis 79
Cosmarium brebissonii 79
Cosmarium depressum 79
Cosmarium mansangense 78
Cosmarium pachydermum 79
Cosmarium pseudamoenum 78
Cosmarium quadratum 78
Cosmarium regnesii 78
Cosmarium sexnotatum 77
Cosmarium turpinii 77
Cosmarium venustum 78
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costata, Aspidisca 11
costata, Rhabdomonas 48
costatus, Microthorax 12, 165
Cothurnia 11, 191
Cothurnia annulata 11, 191
crassa, Attheyella 224
crassicaule, Gerda 11, 188
crenulata, Euglypha 109
cristata, Euglypha 109
cristatum, Xanthidium 76
Cristigera 11, 183
Cristigera media 11
Cristigera penardi 11
Cristigera phoenix 11, 183
Cristigera pleuronemoides 11, 183
crux melitensis, Micrasterias 80
Cryptodifflugia 105
Cryptodifflugia oviformis 105
Cryptodifflugia sacculus 105
Cryptomonas 56
Cryptomonas erosa 56
Cryptomonas ovata 56
Cryptomonas rostratiformis 56
crystallinus, Chaoborus 242
cucullus, Trithigmostoma 13, 157
Cucurbitella 105
Cucurbitella mespiliformis 105
Culex 243
cuspidata, Metacineta 12, 159, 160
Cyclidiopsis 40
Cyclidiopsis acus 40
Cyclidium 11
Cyclidium glaucoma 11
Cyclopyxis 106
Cyclopyxis kahlii 106
Cyclotella 29
Cyclotella kützingiana 29
cygnus, Litonotus 11
Cylindrocystis 75
Cylindrocystis brebissonii 75
Cylindrospermum 21
Cylindrospermum majus 21
Cymatopleura 29
Cymatopleura solea 29
Cymbella 30
Cymbella ehrenbergii 30
Cymbella gracilis 30
Cymbella helvetica 30
Cyphodera 110

Cyphodera ampulla 110
Cypricercus 225
Cypridiopsis 226
Cypridiopsis helvetica 226
Cypridiopsis vidua 226
Cyrtholophosis 11
Cyrtholophosis minor 11
Cyrtholophosis mucicola 11
Cyrtonia 204
Cyrtonia tuba 204

D
Dactylochlamys 11, 150
Dactylochlamys pisciformis 11, 150
Dactylothece 68
Dactylothece braunii 68
Daphnia 221
Dasydytes 238
Dasydytes ornatus 238
decumbens, Platycola 12, 189
Dendromonas 53
Dendromonas virgaria 53
dentata, Arcella 102
dentatum, Drepanomonas 11, 164
dentatum, Saprodinium 12, 140
denticulata, Micrasterias 81
denticulatus, Scenedesmus 67
depressum, Cosmarium 79
Derepyxis 27
Derepyxis ollula minuta 27
Desmidium 82
Desmidium swartzii 82
Dexiotricha granulosa 11, 186
diachloros, Synechococcus 20
diadalos, Euplotes 11, 130
dianae, Closterium 85
Diaphoropodon 108
Diaphoropodon mobile 108
Diatoma 31
Dicranophorus 215
Dicranophorus caudatus 215
Dictyochlorella 64
Dictyochlorella globosa 64
Dictyosphaerium 64
Dictyosphaerium pulchellum 64
Dictyosphaerium tetrachotomum 64
Difflugia 104, 105, 106
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Difflugia acuminata 104
Difflugia bacillifera 104
Difflugia lucida 105
Difflugia pyriformis 104
Difflugia rubescens 104
digitatum, Phalansterium 50
digitus, Netrium 75
dilata, Euchlanis 201
Dileptus 147
dimorphus, Scenedesmus 67
Dinamoeba 88
Dinamoeba mirabilis 88
Dinobryon 26
Dinobryon sertularia 26
Diplophyrys 101
Diplophyrys archeri 101
discoideum, Mylestoma 12, 139
discolor, Holophrya 11
Discomorphella 11, 138
Discomorphella pectinata 11, 138
dissilens, Hyalotheca 82
Dissotrocha 211
Dissotrocha macrostyla 211
Dorylaimida 241
Dorystoma 215
Dorystoma caudata 215
Drepanomonas 11, 164
Drepanomonas dentatum 11, 164
Drepanomonas revoluta 11, 164
duplex, Pediastrum 66

E
edax, Glenodinium 58
ehrenbergii, Cymbella 30
ehrenbergii, Euglena 35
ehrenbergii malinvernianum,
Closterium 83
ehrenbergii, Pleurotaenium 75
eichhornii, Actinosphaerium 113
eichhornii viridis, Actinosphaerium 113
elatae, Caricetum 3, 6
elegans, Caenorhabditis 240
elegans, Chlathrulina 121
elegans, Eudorina 60, 97
elegans, Lagynus 11, 173
elegans, Merismopedia 19
elegans, Nassulopsis 12, 162, 163

elegans, Raphidiophrys 114
Enchelyodon 12, 151
Enchelyodon monilatus 12, 151
Entosiphon 47
Entosiphon sulcatum 47
Epalxella 12, 139
Epalxella antiquorum 12, 139
Epalxella exigua 12
Epalxella mirabilis 12
Epalxella striata 12
Epenardia 12, 186
Epenardia myriophylli 12, 186
Epispathidium 12, 142, 143
Epispathidium amphoriforme 12, 142,
143
epistomum, Lesquereusia 110
Epistylis 12
Epistylis plicatilis 12
Eremosphaera 63
Eremosphaera viridis 63
erinaceus, Acanthocystis 118
erosa, Cryptomonas 56
erythrocephalum, Spirotaenia 75
es, Metopus 12
Euastrum 78
Euastrum insulare sileacum 78
Euchlanis 202
Euchlanis dilata 201
Eudactylota 207
Eudactylota eudactylota 207
eudactylota, Eudactylota 207
Eudorina 60, 97
Eudorina elegans 60, 97
Euglena 10, 33, 34, 35, 36, 37, 41,
43, 95
Euglena acus 33, 43
Euglena charkowiensis 34
Euglena convoluta 36
Euglena ehrenbergii 35
Euglena hemichromata 36
Euglena mutabilis 37
Euglena oxyuris 34, 43
Euglena purpurea 37
Euglena sanguinea 35
Euglena sociabilis 36
Euglena spathirhyncha 35
Euglena spirogyra 36
Euglena texta 37
Euglena tripteris 33
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Euglena variabilis 33
Euglypha 109
Euglypha ciliata 109
Euglypha compressa 109
Euglypha crenulata 109
Euglypha cristata 109
Eunotia 32
Eunotia lunaris 32
Euplotes 11, 130, 141
Euplotes affinis 11
Euplotes diadalos 11, 130
Euplotes muscicola 11
Euplotes patella 11, 130
exigua, Epalxella 12
exilis, Bicoeca 51
exisa, Alonella 220
extensus, Metopus 12
extensus, Staurodesmus 76

F
fagesii, Oxyethira 243
fallax, Sphagnum 3, 4
fascicularis, Pseudodifflugia 105
fasciculata, Pseudovorticella 12, 192
fasciculatum, Polychaos 91
fastigatus, Metopus 12
fenestrata, Tabellaria 31
festinans, Haltidytes 239
fibulatum, Atopodinium 11, 140
Filinia 207
Filinia limnetica 207
fissa, Anuraeopsis 198
flava, Ophryoglena 12, 187
flocculosa Tabellaria 31
Floscularia 2, 10
fockei, Heterophrys 117
folliculta,Thuricola 13, 188
fragilis, Leptomyxa 94
freiburgensis, Chromulina 28
frontata, Glaucoma 11, 186
Frontonia 11, 180
Frontonia acuminata 11
Frontonia angusta 11
Frontonia atra 11, 180
Frontonia leucas 11, 180, 181
fuliginosus, Stentor 12, 124, 125
furcata, Micrasterias 81

Furgosonia 11
Furgosonia rubens 11
fuscum, Gymnodinium 58
fuscus, Metopus 12
fusiformis, Stylochaeta 239

G
geiseri, Stereonema 55
gelatinosa, Schizochlamys 70
Geminella 73
Gerda 11, 188
Gerda crassicaule 11, 188
gibba, Cephalodella 205
gibbosa, Arcella 103
gibbus, Metopus 12, 137
giganteus, Chroococcus 20
gigas, Gloeocystis 71
gigas, Phacus 44
glauca, Merismopedia 19
Glaucoma 11, 186
glaucoma, Cyclidium 11
Glaucoma frontata 11, 186
Glaucoma scintillans 11
Glenodinium 58
Glenodinium edax 58
globosa, Dictyochlorella 64
globosum, Chaetosphaeridium 69
globulifera, Chrysostephanosphaera
27
globuliferum, Heteronema 47
Gloeochaete 69
Gloeocystis 71
Gloeocystis ampla 71
Gloeocystis gigas 71
glutinosa, Raphidiocystis 120
Gomphonema 32
Gomphonema acuminatum 32
Gomphosphaeria 19
Gomphosphaeria aponina 19
Gomphosphaeria botrys 19
Goniochloris 61
Goniochloris sculpta 61
Gonium 60
Gonium pectorale 60
Gonyostomum 59
Gonyostomum latum 59
gracilis, Apsiktrata 11, 175
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gracilis, Cymbella 30
grandinella, Halteria 11, 173
grandis, Pelatractus 13, 171
granulosa, Dexiotricha 11, 186
Graptolebris 223
Graptolebris testudinaria 223
Gymnodinium 58
Gymnodinium aeruginosum 58
Gymnodinium fuscum 58

H
Habrotrocha 211
Halteria 11, 173
Halteria grandinella 11, 173
Haltidytes 239
Haltidytes festinans 239
hantzschii, Actinastrum 62
harrisii, Astasia 48
Hedriocystis 121
Hedriocystis brachypous 121
Hedriocystis pellucida 121
Heliophrya 11, 160
Heliophrya minima 11, 160
helus, Loxophyllum 12, 156
helvetica, Cymbella 30
helvetica, Cypridiopsis 226
hemichromata, Euglena 36
Hemicyclium 11
Hemicyclium lucidum 11
Hemidinium 58
Hemidinium nasutum 58
heptabrachiata, Collotheca 212
Heteronema 47
Heteronema acus 47
Heteronema globuliferum 47
Heteronema mutabilis 47
Heteronema trispira 47
Heterophrys 117
Heterophrys fockei 117
Heterophrys myriopoda 117
Hexamitus 54
hexangularis, Trachelomonas 39
hirtus, Coleps 11, 176, 177
hispida, Trachelomonas 38
Histiobalantium 11, 14, 184
Histiobalantium majus 11, 184
Histiobalantium natans 11, 14, 184

Holophrya 11, 174, 175, 210
Holophrya discolor 11
Holophrya ovum 11, 175
Holophrya teres 11, 174, 210
Holosticha 11, 132
Holosticha monilata 11
Holosticha pullaster 11, 132
Homalozoon 11, 145
Homalozoon vermiculare 11, 145
huxleyi, Rhipidodendron 51
hyalinum, Lecytium 100
Hyalobryon 28
Hyalobryon lauterbornii 28
Hyalodiscus 95
Hyalodiscus rubicundus 95
Hyalophacus 44
Hyalophacus ocellatus 44
Hyalotheca 82
Hyalotheca dissilens 82
Hydra 193
Hydra oligactis 228
Hydra viridis 229
Hydra vulgaris 228
hystrix, Trachelomonas 38

I
iernis, Trichocerca 209
Ileonema 11, 148
Ileonema simplex 11, 148
inclinans, Rhabdostyla 12, 191
incurvum, Closterium 86
inermis, Lecane 197
insignis, Mallomonas 26
insulare, sileacum Euastrum 78
integrum, Saprodinium 12
intermedia, Raphidiophrys 115
interrupta, Penardiella 13, 152
interrupta, Pinnularia 31
intestinum, Spongomonas 50
inversa, Trichospira 13, 187
Itura 219
Itura aurita 219

K
kahlii, Cyclopyxis 106
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Kahlilembus 11, 184
Kahlilembus attenuatus 11, 184
kathemerios, Astasia 48
Keratella 198
Keratella cochlearis 198
Kirchneriella 65
Kirchneriella lunaris 65
Kirchneriella obesa 65
Klattia 234
Klattia virginiensis 234
Klebsmordium 73
klinoplastida, Ochromonas 28
Kreutzophrya 11, 149
Kreutzophrya sphagnicola 11, 149
kuetzingianum, Coelosphaerium 20
kützingiana, Cyclotella 29
kützingii, Closterium 84

L
Lacrymaria 11, 146
Lacrymaria olor 11, 146
Lacrymaria sapropelica 11
lacustris, Bicoeca 51
lacustris, Bicosoeca 51
lagenos, Notosolenus 49
lagenula, Metacystis 12, 172
Lagynus 11, 173
Lagynus elegans 11, 173
lamella, Litonotus 11, 151
laminarius, Metopus 12
Lampropedia 17
lateritia, Vampyrella 96
lateritium, Blepharisma 11, 127
Lathonura 223
Lathonura recticornis 223
latum, Gonyostomum 59
lauterbornii, Hyalobryon 28
Lecane 197
Lecane bulla 197
Lecane inermis 197
Lecane quadridentata 197
Lecytium 100
Lecytium hyalinum 100
lefevrii manguinii, Scenedesmus 67
Legendrea 150
Lembadion 11, 179
Lembadion lucens 11, 179

Lembadion magnus 11
lemnae, Catenula 233
Lepadella 200
Lepadella ovalis 200
Lepadella punctata 200
Lepadella triptera 200
Lepocinclis 40
Lepocinclis ovum 40
Lepocinclis texta 40
Leptomyxa 94
Leptomyxa fragilis 94
Leptomyxa reticulata 94
Lesquereusia 110
Lesquereusia epistomum 110
Lesquereusia spiralis 110
leucas, Frontonia 11, 180, 181
leucops, Stenostomum 234
limax, Saccamoeba 91
limnetica, Filinia 207
Limnias 217
Limnias melicerta 217
lindahlii, Monas 54
lismorensis, Phacus 41, 92
Litonotus 11, 151
Litonotus cygnus 11
Litonotus lamella 11, 151
Lobomonas 59
Lobomonas ampla 59
longicauda, Phacus 43
longiseta, Monommata 204
longiseta, Scaridium 207
longiseta, Trichocerca 209
longispinata, Squatinella 216
Lophocharis 201
Lophocharis salpina 201
Loxocephalus 11, 186
Loxocephalus luridus 11, 186
Loxodes 11, 123
Loxodes magnum 11
Loxodes rostrum 11, 123
Loxodes striatus 11, 123
Loxophyllum 12, 155, 156
Loxophyllum helus 12, 156
Loxophyllum meleagris 12, 155
lucens, Lembadion 11, 179
lucida, Difflugia 105
lucidum, Hemicyclium 11
Luido 12, 136
Luido parvulus 12, 136
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lunaris, Eunotia 32
lunaris, Kirchneriella 65
luridus, Loxocephalus 11, 186
lynceus, Aspidisca 11
lynceus, Ploesoma 10, 196

M
Macrobiotus 230
Macrochaetus 208
Macrochaetus subquadratus 208
Macrocyclops 224
Macrocyclops albidus 224
Macromonas 16
Macromonas bipunctata 16
Macromonas nobilis 16
macrostyla Dissotrocha 211
Macrothrix 222
Macrothrix rosea 222
magnum, Loxodes 11
magnus, Lembadion 11
magnus, Scenedesmus 67
majus, Cylindrospermum 21
majus, Histiobalantium 11, 184
Mallomonas 26
Mallomonas acaroides 26
Mallomonas caudata 26
Mallomonas insignis 26
mansangense, Cosmarium 78
margaritaceum, Cinetochilum 11, 183
marisci, Cladietum 3, 4
Mastigamoeba 95
Mastigamoeba setosa 95
Mastigella 95
Mayorella 54, 92, 93
Mayorella penardi 92, 93
media, Cristigera 11
medusula, Caenomorpha 11, 138
meleagris, Loxophyllum 12, 155
melicerta, Limnias 217
Menoidinium 48
Menoidinium pellucidum 48
Merismopedia 19
Merismopedia elegans 19
Merismopedia glauca 19
Mesodinium 12, 173
Mesodinium acarus 12, 173
mesomorphum, Radiofilum 72

mespiliformis, Cucurbitella 105
Metacineta 12, 159, 160
Metacineta cuspidata 12, 159, 160
Metacineta mystacea brevipes 12,
160
Metacystis 12, 172
Metacystis lagenula 12, 172
metchnikoffi, Phacodinium 13, 141
Metopus 12, 135, 136, 137
Metopus acidiferus 12, 137
Metopus angustus 12
Metopus bacillatus 12, 136
Metopus campanula 12, 137
Metopus caudatus 12
Metopus es 12
Metopus extensus 12
Metopus fastigatus 12
Metopus fuscus 12
Metopus gibbus 12, 137
Metopus laminarius 12
Metopus mucicola 12, 137
Metopus nasutus 12, 137
Metopus propagatus 12, 135
Metopus pulcher 12, 135
Metopus pullus 12
Metopus rediculus 12
Metopus rostratus 12
Metopus setosus 12
Metopus spinosus 12
Metopus striatus 136
Metopus tenuis 12
Metopus vestitus 12, 135
Micractinium 69
Micractinium pusillum 69
Micrasterias 80, 81
Micrasterias apiculata 81
Micrasterias crux melitensis 80
Micrasterias denticulata 81
Micrasterias furcata 81
Micrasterias rotata 81
Micrasterias truncata 80
Microcodon 204
Microcodon clavus 204
Microdalyellia 232
Microdalyellia armigera 232
Microgromia 101
Microgromia socialis 101
microspina, Scenedesmus 67
Microspora 73
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Microthamnion 73
Microthamnion strictissima 73
Microthorax 12, 165
Microthorax costatus 12, 165
Microthorax pusillum 12, 165
Microthorax viridis 12, 165
minima, Heliophrya 11, 160
minor, Cyrtholophosis 11
minus, Spirostomum 12, 128
minutissima, Achnanthes 32
mira truncata, Petalomonas 49
mirabilis, Dinamoeba 88
mirabilis, Epalxella 12
Mischococcus 28
Mischococcus confervicola 28
mobile, Diaphoropodon 108
Monas 54
Monas lindahlii 54
Monhystera 240
Monhystera stagnalis 240
monilata, Holosticha 11
monilatus, Enchelyodon 12, 151
monilatus, Monilicaryon 12
Monilicaryon 12
Monilicaryon monilatus 12
moniliferum, Closterium 83
Monommata 204
Monommata longiseta 204
Mougeotia 82
mucicola, Apogromia 108
mucicola, Cyrtholophosis 11
mucicola, Metopus 12, 137
mucosa hyalina, Trachelomonas 39
mucronata, Scapholebris 223
muelleri, Stentor 12, 124
multiformis, Stentor 12
mungo, Pinus 3, 4
muscicola, Euplotes 11
musculus, Blepharisma 11, 127
mutabile, Acropisthum 11
mutabilis, Euglena 37
mutabilis, Heteronema 47
Mylestoma 12, 139
Mylestoma anatinum 12, 139
Mylestoma discoideum 12, 139
Mylestoma pusillum 12, 139
Mylestoma uncinatum 12
myriophylli, Epenardia 11, 186
myriopoda, Heterophrys 117

myriospina, Acanthocystis 119
mystacea brevipes, Metacineta 12,
160
mytilus, Stylonychia 13

N
Nassula 12
Nassula ornata 12
Nassulopsis elegans 12, 162, 163
Nasturtium 3, 8
Nasturtium officinale 3, 8
nasuta, Plagiopyla 12, 172
nasutum, Hemidinium 58
nasutus, Metopus 12, 137
natans, Histiobalantium 11, 14, 184
Navicula 100
Nebela 107
Nebela parvula 107
Nebela tubulosa 107
nematodes, Closterium 85
Nephrocytium 65
Nephrocytium agardhianum 65
Netrium 75
Netrium digitus 75
nidulans, Aphanothece 18
nidulus, Phryganella 107
niemeccense, Opisthodon 12, 156
niger, Stentor 12, 125
Nitzschia 31
Nitzschia acicularis 31
Nitzschia sigmoides 31
niveus, Prorodon 12, 147
nobilis, Macromonas 16
nobilis, Rhizochrysis 27
Nostoc 18
Nostoc zetterstedtii 18
Notholca 215
Notholca acuminata 215
Notommata 218
Notommata copeus 218
Notosolenus 49
Notosolenus lagenos 49
Nuclearia 95, 122
Nuclearia caulescens 122
Nymphaea 3, 4
Nymphaea alba 3, 4
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O
obconica, Chromulina 28
Obertrumia 12
Obertrumia aurea 12
obesa, Kirchneriella 65
obliquum, Anisonema 47
oblonga, Chilomonas 56
oblonga, Synchaeta 204
obtusa, Colurella 201
ocellatus, Hyalophacus 44
Ochromonas 28
Ochromonas klinoplastida 28
Ochromonas perlata 28
officinale, Nasturtium 3, 8
oligactis, Hydra 228
ollula minuta, Derepyxis 27
olor, Lacrymaria 11, 146
operculata, Pyxidicula 102
Ophiocytium 61
Ophiocytium cochleare 61
Ophrydium 10
Ophrydium versatile 10
Ophryoglena 12, 187
Ophryoglena flava 12, 187
Opisthodon 12, 156
Opisthodon niemeccense 12, 156
orbicularis, Phacus 41
ornata, Collotheca 212
ornata, Nassula 12
Oscillatoria 21, 22
Oscillatoria chlorina 22
Oscillatoria princeps 21
ovalis, Anisonema 47
ovalis, Ascomorpha 196
ovalis, Lepadella 200
ovalis, Rhodomonas 56
ovata, Bursaria 11, 169
ovata, Cryptomonas 56
ovata, Urotricha 13
oviformis, Cryptodifflugia 105
ovuligera, Pompholyxophrys 112
ovum, Holophrya 11, 175
ovum, Lepocinclis 40
ovum, Trachelius 13, 147
oxaliferum, Achromatium 16
Oxnerella 116
Oxyethira 243
Oxyethira fagesii 243

oxyuris, Euglena 34, 43

P
pachydermum, Cosmarium 79
pallida, Raphidiophrys 115
Palmodictyon 72
Palmodictyon viride 72
palustris, Pelomyxa 89
Paracondylostoma 12, 167
Paracondylostoma setigera
chlorelligerum 12, 167
paradoxa, Collotheca 213
Paramecium 12, 161, 178, 179, 181,
182
Paramecium aurelia-complex 12, 178
Paramecium bursaria 12, 161, 179
Paramecium caudatum 12
Paramecium putrinum 12, 179
Parapodophrya 12, 160
Parapodophrya soliformis 12, 160
Paraquadrula 111
parasitica, Cephalodella 206
parasitica, Podophrya 12
Paraurostyla 13, 132
Paraurostyla weissei 13, 132
parurolepti, Sphaerophrya 12, 161
parva bidentata, Testudinella 195
parvipunctata, Plagiophrys 108
parvula, Nebela 107
parvulus, Luido 12, 136
patella, Euplotes 11, 130
patina, Testudinella 195
patulus, Platyias 199
Paulschulzia 70
Paulschulzia pseudovolvox 70
pecsensis, Scenedesmus 67
pectinata, Discomorphella 11, 138
pectorale, Gonium 60
Pediastrum 66
Pediastrum duplex 66
Pediastrum tetras 66
pediculus, Trichodina 13, 193
Pelagostrombidium 13, 133
Pelagostrombidium viridis 13, 133
Pelagothrix 13, 175
Pelagothrix plancticola 13, 175
Pelatractus 13, 171
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Pelatractus grandis 13, 171
pellucida, Hedriocystis 121
pellucidum, Menoidinium 48
Pelodinium 13, 140
Pelodinium reniforme 13, 140
Pelomyxa 89, 98
Pelomyxa palustris 89
Pelosigma 55
penardi, Acanthocystis 119
penardi, Cristigera 11
penardi, Mayorella 92, 93
Penardiella 13, 152
Penardiella interrupta 13, 152
Peracantha 221
Peracantha truncata 221
Peranema 48
Peranema trichophorum 48
Peridinium 57, 196
Peridinium bipes 57
Peridinium willei 57
Perispira 152, 153
perlata, Ochromonas 28
perpusilla, Acanthocystis 119
persicinum, Blepharisma 11, 127
Petalomonas 49
Petalomonas abscissa pellucida 49
Petalomonas mira truncata 49
Petalomonas praegnans 49
Petalomonas spinifera 49
petiolata, Bicoeca 51
petiolata, Bicosoeca 51
Phacodinium 13, 141
Phacodinium metchnikoffi 13, 141
Phacus 2, 10, 41, 42, 43, 44, 45, 46,
92
Phacus acuminatus 46
Phacus brachykentron 44
Phacus gigas 44
Phacus lismorensis 41, 92
Phacus longicauda 43
Phacus orbicularis 41
Phacus platyaulax 45
Phacus pleuronectes 2, 10
Phacus pseudonordstedtii 46
Phacus pyrum 46
Phacus skujai 45
Phacus torta 42
Phalansterium 50
Phalansterium digitatum 50

Phialina 13, 146
Phialina pupula 13, 146
phoenix, Cristigera 11, 183
Phragmites 3, 4, 6
Phragmites communis 3, 4, 6
Phryganella 107
Phryganella nidulus 107
Phyctidium 21
Phyctidium anabaenae 21
pilula, Ptygura 218
Pinnularia 31
Pinnularia interrupta 31
Pinus 3, 4
Pinus mungo 3, 4
Pinus silvestris 3, 4
piscatoris, Pseudochilodonopsis 12,
158
pisciformis, Dactylochlamys 11, 150
pituitosum, Thylakidium 13, 168
placentula, Cocconeis 32
Plagiophrys 108
Plagiophrys parvipunctata 108
Plagiopyla 12, 172
Plagiopyla nasuta 12, 172
plancticola, Pelagothrix 13, 175
platyaulax, Phacus 45
Platycola 12, 189
Platycola decumbens 12, 189
Platyias 194, 199
Platyias patulus 199
Platyias polyacanthus 199
Platyias quadricornis 194, 199
Platyophrya 12, 168
Platyophrya sphagni 12, 168
Plectonema 12, 184
Plectonema tomasinianum 21
pleuronectes, Phacus 2, 10
Pleuronema 12, 184
Pleuronema coronatum 12, 184
pleuronemoides, Calyptotricha 11, 183
pleuronemoides, Cristigera 11, 183
pleurosigma, Amphileptus 11
Pleurotaenium 75
Pleurotaenium ehrenbergii 75
Pleuroxus 221, 222
Pleuroxus truncata 221
Pleuroxus uncinatus 222
plicatilis, Epistylis 12
Ploesoma 10, 196
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Ploesoma lynceus 10,196
Plumatella 227
Plumatella repens 227
pocillum, Trichotria 202
Podophrya 12, 161
Podophrya parasitica 12
polyacanthus, Platyias 199
Polyarthra 203
Polyarthra vulgaris 203
Polychaos 91
Polychaos fasciculatum 91
polychlora, Chlorangiella 71
olychloris, Chlorobotrys 61
polyginifolius, Potamogeton 6
Polymerurus 239
Polymerurus rhomboides 239
polymorphus, Stentor 12, 125
Pompholyxophrys 112
Pompholyxophrys ovuligera 112
Pompholyxophrys punicea 112
Pontigulasia 106
Pontigulasia spiralis 106
porcellus, Trichocerca 209
porculus, Rhinothrix 12, 144
Potamogeton 6
Potamogeton polyginifolius 6
praegnans, Petalomonas 49
princeps, Oscillatoria 21
Proales 2, 10
procerus, Amphileptus 11, 154
propagatus, Metopus 12, 135
Prorodon 12, 147
Prorodon niveus 12, 147
proteoides, Thecamoeba
proteoides, Thecamoeba 90
proteus, Amoeba 87
pseudamoenum, Cosmarium 78
Pseudoblepharisma 12, 87, 125, 129
Pseudoblepharisma tenue viridis 12,
87, 125, 129
Pseudochilodonopsis 12, 158
Pseudochilodonopsis piscatoris 12,
158
Pseudocyrtolophosis 12
Pseudocyrtolophosis alpestris 12
Pseudodendromonas 53
Pseudodifflugia 105
Pseudodifflugia fascicularis 105
Pseudomicrothorax 164

pseudonordstedtii, Phacus 46
pseudovolvox, Paulschulzia 70
Pseudovorticella 12, 192
Pseudovorticella fasciculata 12, 192
Ptygura 218
Ptygura pilula 218
pulchellum, Dictyosphaerium 64
pulcher, Metopus 12, 135
pullaster, Holosticha 11, 132
pullus, Metopus 12
punctata, Lepadella 200
punicea, Pompholyxophrys 112
pupula, Phialina 13, 146
purpurea, Euglena 37
pusillum, Micractinium 69
pusillum, Microthorax 12, 165
pusillum, Mylestoma 12, 139
pustula, Stylonychia 13
putrinum, Paramecium 12, 179
putrinum, Saprodinium 12
Pyramidomonas 59
Pyramidomonas tetrarhynchus 59
pyriformis, Difflugia 104
pyrum, Phacus 46
Pyxidicula 102
Pyxidicula operculata 102

Q
quadratum, Cosmarium 78
quadricauda, Scenedesmus 67
quadricornis, Platyias 194, 199
quadridentata, Lecane 197
Quadrigula 62
Quadrigula chodatii 62
Quadrigula closterioides 62
Quadrulella 111
Quadrulella symmetrica 111

R
Radiofilum 72
Radiofilum mesomorphum 72
Raphidiocystis 120
Raphidiocystis glutinosa 120
Raphidiocystis tubifera 120
Raphidiophrys 114, 115, 116
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Raphidiophrys coerulea 116
Raphidiophrys elegans 114
Raphidiophrys intermedia 115
Raphidiophrys pallida 115
Raphidiophrys viridis 114
rattus carinata, Trichocerca 210
recticornis, Lathonura 223
rediculus, Metopus 12
reflexa, Testudinella 195
regnesii, Cosmarium 78
reniforme, Pelodinium 13, 140
reniforme, Saprodinium 12
repens, Plumatella 227
reticulata, Ceriodaphnia 221
reticulata, Leptomyxa 94
reticulatum, Coelastrum 66
revoluta, Drepanomonas 11, 164
Rhabdomonas 49
Rhabdomonas costata 48
Rhabdostyla 12, 191
Rhabdostyla inclinans 12, 191
Rhinothrix 12, 144
Rhinothrix barbatula 12, 144
Rhinothrix porculus 12, 144
Rhipidodendron 51
Rhipidodendron huxleyi 51
Rhizamoeba 94
Rhizochrysis 27
Rhizochrysis nobilis 27
Rhodochromatium 17
Rhodochromatium roseum 17
Rhodomonas 56
Rhodomonas ovalis 56
Rhogostoma 101
Rhogostoma schleusseri 101
rhomboides, Polymerurus 239
robustus, Chaetonotus 235, 236
rosea, Macrothrix 222
roseum, Rhodochromatium 17
rostratiformis, Cryptomonas 56
rostratum, Characium 68
rostratum, Closterium 84
rostratus, Metopus 12
rostrum, Loxodes 11, 123
rostrum, Squatinella 216
rotata, Micrasterias 81
rubens, Furgosonia 11
rubescens, Difflugia 104
rubicundus, Hyalodiscus 95

S
Saccamoeba 91
Saccamoeba clava 91
Saccamoeba limax 91
sacculus, Cryptodifflugia 105
salpina, Lophocharis 201
Salpingoeca 52
Salpingoeca urceolata 52
saltans, Ascomorpha 196
sanguinea, Euglena 35
Saprodinium 12, 140
Saprodinium dentatum 12, 140
Saprodinium integrum 12
Saprodinium putrinum 12
Saprodinium reniforme 12
sapropelica, Caenomorpha 11, 138
sapropelica, Lacrymaria 11
Sathrophilus 12, 185
Sathrophilus vernalis 12, 185
Scapholebris 223
Scapholebris mucronata 223
Scaridium 207
Scaridium longiseta 207
Scenedesmus 67
Scenedesmus acuminatus 67
Scenedesmus acunae 67
Scenedesmus acutus 67
Scenedesmus armatus 67
Scenedesmus brasiliensis 67
Scenedesmus denticulatus 67
Scenedesmus dimorphus 67
Scenedesmus lefevrii manguinii 67
Scenedesmus magnus 67
Scenedesmus microspina 67
Scenedesmus pecsensis 67
Scenedesmus quadricauda 67
Scenedesmus semicristatus 67
Scenedesmus spinosus 67
Schizochlamys 70
Schizochlamys gelatinosa 70
schleusseri, Rhogostoma 101
scintillans, Glaucoma 11
sculpta, Goniochloris 61
Scyphidia 12, 188
Scyphidia constricta 12, 188
secunda, Stichotricha 13, 131
semicristatus, Scenedesmus 67
semivirescens, Spirostomum 12, 128

264

sertularia, Dinobryon 26
setigera chlorelligerum,
Paracondylostoma 12, 167
setosa, Mastigamoeba 95
setosus, Metopus 12
sexnotatum, Cosmarium 77
sigmoides, Nitzschia 31
sigmoides, Trachelophyllum 13, 148
silvestris, Pinus 3, 4
similis, Chaetonotus 237
Simocephalus 220, 221
Simocephalus vetulus 220
simplex, Amoebophilus 93
simplex, Ileonema 11, 148
simplex, Vanella 95
simplicius, Staurastrum 76
simrothi, Chaetonotus 236
skujae, Characiellopsis 68
skujai, Phacus 45
sociabilis, Euglena 36
socialis, Microgromia 101
socialis, Sphaeroeca 54
solea, Cymatopleura 29
soliformis, Parapodophrya 12, 160
Spathidium 12, 144, 152
Spathidium chlorelligerum 12, 144
Spathidium stammeri 12
spathirhyncha, Euglena 35
sphaericum, Coelastrum 66
sphaericus, Chydorus 220
Sphaeroeca 54
Sphaeroeca socialis 54
phaeronucleolus, Thecamoeba 90
Sphaerophrya 12, 126, 161
Sphaerophrya parurolepti 12, 161
Sphaerophrya stentori 12, 126
sphagni, Bryometopus 11, 166
sphagni, Platyophrya 12, 168
sphagnicola, Kreutzophrya 11, 149
sphagnicola, Synura 25
sphagnophilus, Chaetonotus 238
Sphagnum 3, 4, 81, 129
Sphagnum fallax 3, 4
spinifera, Petalomonas 49
spinosa, Synura 25
spinosus, Metopus 12
spinosus, Scenedesmus 67
spiralis, Lesquereusia 110
spiralis, Pontigulasia 106

Spirogyra 82
spirogyra, Euglena 36
Spiromonas 116
Spirostomum 12, 128, 129
Spirostomum ambiguum 12, 128
Spirostomum caudatum 12, 128
Spirostomum minus 12, 128
Spirostomum semivirescens 12, 128
Spirostomum teres 12, 128
Spirotaenia 75
Spirotaenia erythrocephalum 75
Spirulina 21
Spondylomorum 59
Spondylomorum caudatum 59
Spongomonas 50
Spongomonas intestinum 50
Squatinella 216
Squatinella longispinata 216
Squatinella rostrum 216
Squatinella tridentata mutica 216
stagnalis, Monhystera 240
stammeri, Spathidium 12
Staurastrum 76
Staurastrum simplicius 76
Staurastrum teliferum 76
Staurodesmus 76
Staurodesmus avicula 76
Staurodesmus extensus 76
Stauroneis 31
steinii, Blepharisma 11, 127
Stenostomum 234
Stenostomum leucops 234
Stentor 12, 30, 124, 125, 126
Stentor amethystinus 12, 125, 126
Stentor coeruleus 12, 124
Stentor fuliginosus 12, 124, 125
Stentor muelleri 12, 124
Stentor multiformis 12
Stentor niger 12, 125
Stentor polymorphus 12, 125
stentori, Sphaerophrya 12, 126
Stereonema 55
Stereonema geiseri 55
Stichococcus 68
Stichogloea 28
Stichotricha 13, 131
Stichotricha aculeata 13, 131
Stichotricha secunda 13, 131
striata, Epalxella 12
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striata, Thecamoeba 90
striata, Vorticella 13
striatus, Loxodes 11, 123
striatus, Metopus 136
strictissima, Microthamnion 73
striolatum, Closterium 84
Strobilidium 13, 134
Strobilidium caudatum 13, 134
Stylaria 206
Stylochaeta 239
Stylochaeta fusiformis 239
Stylonychia 13, 141
Stylonychia mytilus 13
Stylonychia pustula 13
subcrystallina, Vaginicola 13, 188
subquadratus, Macrochaetus 208
sulcatum, Entosiphon 47
superba, Trachelomonas 39
superbus, Asterococcus 70
swartzii, Desmidium 82
symmetrica, Quadrulella 111
Synchaeta 204
Synchaeta oblonga 204
Synechococcus 20
Synechococcus diachloros 20
Synura 25
Synura sphagnicola 25
Synura spinosa 25
Synura uvella 25

T
Tabellaria 31
Tabellaria fenestrata 31
Tabellaria flocculosa 31
Taphrocampa 10, 202
Taphrocampa clavigera 10, 202
tardus, Condylostomides 11, 147
teliferum, Staurastrum 76
tenuis, Metopus 12
tenue viridis, Pseudoblepharisma 12,
87, 125, 129
tenuior, Cephalodella 205
tenuiseta, Cephalodella 205
teres, Holophrya 11, 174, 210
teres, Spirostomum 12, 128
testudinaria, Graptolebris 223
Testudinella 195

Testudinella parva bidentata 195
Testudinella patina 195
Testudinella reflexa 195
tetrachotomum, Dictyosphaerium 64
tetractis, Trichotria 202
tetrarhynchus, Pyramidomonas 59
tetras, Pediastrum 66
texta, Euglena 37
texta, Lepocinclis 40
Thecamoeba 90
Thecamoeba proteoides 90
Thecamoeba sphaeronucleolus 90
Thecamoeba striata 90
Thiopolycoccus 17
Thuricola 13, 188
Thuricola folliculta 13, 188
Thylakidium 13, 168
Thylakidium pituitosum 13, 168
tincta, Vaginicola 13, 188
tomasinianum, Plectonema 21
torta, Phacus 42
Trachelius 13, 147
Trachelius ovum 13, 147
Trachelomonas 38, 39
Trachelomonas armata 38
Trachelomonas caudata 39
Trachelomonas hexangularis 39
Trachelomonas hispida 38
Trachelomonas hystrix 38
Trachelomonas mucosa hyalina 39
Trachelomonas superba 39
Trachelomonas volvocina 39
Trachelophyllum 13, 148
Trachelophyllum sigmoides 13, 148
Tribonema 61, 68
Trichamoeba 91
Trichamoeba villosa 91
Trichocerca 209, 210
Trichocerca bicristata 210
Trichocerca iernis 209
Trichocerca longiseta 209
Trichocerca porcellus 209
Trichocerca rattus carinata 210
Trichodina 13, 193
Trichodina pediculus 13, 193
trichophorum, Peranema 48
Trichospira 13, 187
Trichospira inversa 13, 187
Trichotria 202
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Trichotria pocillum 202
Trichotria tetractis 202
tridentata mutica, Squatinella 216
Trinema 101
Trinema complanatum 101
triptera, Lepadella 200
tripteris, Euglena 33
trispira, Heteronema 47
Trithigmostoma 13, 157
Trithigmostoma cucullus 13, 157
Tropidoatractus 13, 135
Tropidoatractus acuminatus 13, 135
truncata, Bursaria 169
truncata, Micrasterias 80
truncata, Peracantha 221
truncata, Pleuroxus 221
tuba, Cyrtonia 204
tubifera, Raphidiocystis 120
tubulosa, Nebela 107
turbo, Urocentrum 13, 182
turfacea, Acanthocystis 118, 119
turgidum borgei, Closterium 86
turpinii, Cosmarium 77
Typhloplana 233
Typhloplana viridata 233

U
umbellaria, Campanella 11, 190
umbellatum, Codonocladium 53
uncinata, Chilodonella 11, 158
uncinata deflexa, Colurella 201
uncinatum, Mylestoma 12
uncinatus, Pleuroxus 222
uniserialis, Caenomorpha 11, 138
urceolata Salpingoeca 52
Urocentrum 13, 182
Urocentrum turbo 13, 182
Uroglena 23, 25
Uroglena americana 23
Uroglena volvox 23
Uroleptus 13, 161
Uroleptus caudatus 13, 161
Urotricha 13, 173
Urotricha agilis 13, 173
Urotricha armata 13
Urotricha ovata 13
Urozona 13

Urozona buetschli 13
uvella, Synura 25

V
Vacuolaria 59
Vacuolaria virescens 59
Vaginicola 13, 188
Vaginicola subcrystallina 13, 188
Vaginicola tincta 13, 188
Vampyrella 96, 97
Vampyrella closterii 96
Vampyrella lateritia 96
Vanella 95
Vanella simplex 95
vargai, Chaetonotus 238
variabilis Euglena 33
Vasicola 13, 170
Vasicola ciliata 13, 170
vegetans, Anthophysa 50
venustum, Cosmarium 78
vermiculare, Homalozoon 11, 145
vernalis, Sathrophilus 12, 185
versatile, Ophrydium 10
vestitum, Cochliopodium 99
vestitus, Metopus 12, 135
vetulus, Simocephalus 220
vidua, Cypridiopsis 226
villosa, Trichamoeba 91
virescens, Vacuolaria 59
virgaria, Dendromonas 53
virginiensis, Klattia 234
viridata, Typhloplana 233
viride, Palmodictyon 12, 167
viridis, Bryometopus 11, 166
viridis, Eremosphaera 63
viridis, Hydra 229
viridis, Microthorax 12, 165
viridis, Pelagostrombidium 13, 133
viridis, Raphidiophrys 114
volvocina, Trachelomonas 39
volvox, Askenasia 11, 173
volvox, Uroglena 23
vorax, Actinobolina 11, 150
Vorticella 13, 191, 192, 220
Vorticella chlorostigma 13, 192
Vorticella convallaria 13, 191
Vorticella convallaria citrina 13, 191
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Vorticella striata 13
vulgaris, Arcella 102
vulgaris, Hydra 228
vulgaris, Polyarthra 203
W

weissei, Paraurostyla 13, 132
willei Peridinium 57

X
Xanthidium 76
Xanthidium cristatum 76

Z
zelinkai Chaetonotus 237
zetterstedtii Nostoc 18
Zygnema 82

