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Forward 

The Society of Protozoologists is very pleased to bring this 
manual to fruition. We intend to issue supplements which update a 
particular protocol or expand the series to cover additional topics. This 
first volume has greater coverage of some aspects of the field than 
others. In time we hope this will all even out. We invite all 
Protozoologists to share their experiences with the rest of us. No special 
invitation is needed; just contact one of the editors with your ideas. We, 
in turn, will respond with instructions for preparation of a protocof. The 
individual authors and the editors would appreciate knowing about any 
particular difficulties following a particular protocol encountered by 
readers. We will attempt to respond with an amended protocol in a future 
supplement. In consonance with its aims, the society has attempted to 
produce this book at the lowest possible price so that it is more 
affordable for most students. This is the Society's first attempt at 
desk-top publishing. The individual authors and/or the editors produced 
laser printed copy for reproduction by Allen Press. Since all the labor was 
donated to keep the costs as low as possible, we hope that users will 
purchase copies of this book rather than make photocopies of it. It is the 
only way the Society can recoup the funds that we have invested in its 
production. 

It is with great respect and fondness that we dedicate this first volume 
to our late colleague, Dr William Balamuth. A manual of this type had long 
been one of his dreams. Encouraged by Dr Seymour H. Hutner, former chair 
of the Special Publications Committee, Dr Balamuth was working on this 
project at the time of his passing. With the aid of some of his former 
students and colleagues, some of the protocols he was working on will 
appear in future supplements. The editors wish to thank the officers of 
the Society for their suggestions and encouragement. We are particularly 
grateful to our treasurer Dr Brower Burchill for his advice on many 
aspects of this project. We are grateful to many members of the Special 
Publications Con1mittee who, over the years, gave generously of their time 
and advice. 

John J. Lee Anthony T. Soldo March 1992 
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Figure 1. A THREE-STAGE MODEL FOR MATING INTERACTIONS IN TETRAHYMENA. previously starved cells of 
complementary mating type (here iLLustrated by strain Cu427/mtVI and strain Cu428/mtVII) are mixed in the 
presence of conditioned starvation medium (SCM) containing unknown factors required for mating (FAC), they 
immediateLy interact through direct contact (Stage I). Mating type-specific inductive signaLing 
(costimuLation) occurs during this stage, which Last at least 1/2 hr. CeLLs next form loose pairs (Stage 
II), may be homotypic or heterotypic, by adhering via cilia near the anterior ends of the cells. The 
anterior ends of the ceLls gradually change shape, from pointed to truncated (tip transformation), resuLting 
in the development of firm pairs (stage IV), in ceLLs of complementary mating type become joined by a 
characteristic conjugation junction. 

Fi94re 2. PAIR FORMATION IN MATING TETRAHYMENA. A phase-contrast micrograph of celLs from a mating mixture 
of thermophila, showing a pair of ceLls at the firm pair stage (about 2.5 hr) in comparison with a single 
celL. X1,250. 

Figure 3. NUCLEAR EVENTS DURING CONJUGATION. This mating pair of I. thermophiLa is stained with DAPI to 
reveaL DNA-containing nucLei. The ceLLs are in prophase of micronuclear meiosis. In this stage of 
micronuclear morphological changes (Stage IV, as defined by Sugai and Hiwatashi [8), the micronucleus 
elongates into a thin thread. This occurs between 3 and 4 hrs after complementary mating types are mixed. 
)(1,250. 

Figure 4. KINETICS OF PAIR FORMATION AND TIP TRANSFORMATION. Two different mating types were starved 
separately and mixed in equal numbers at a concentration of 1 X 106 cells/ml at T=O. Counts were made at 
1/2 hr intervaLs on 250-300 randomLy selected celLs. Each point is the average of three separate 
experiments. T - tip transformed; • - pairs. 
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SPECIAL TECHNIQUES FOR VIEWING LIVING PROTOZOA 

Karl J. Aufderheide 

Department of Biology, Texas A&M University, Col/ege Station TX 
77843-3258 

Although various staining techniques show specific structures in exquisite detail, most such 
techniques require fixed (Le., dead) cells as materials. Several venerable techniques use IIvital 
stainsU which do not kill the cells immediately [2, 6, & 9]. These techniques seem to be limited 
in their specificity and use. Many "vital staining" techniques are not really vital and will kill 
the cells in time. 

The advent of phase contrast and differential interference contrast optical systems permitted 
the microscopist to observe structures within cells without the need for staining or fixing. The 
advantages for observations of dynamic processes within living cells are obvious. 
Furthermore, except perhaps for the intense light that might be focused on the cell during 
observation, contrast enhancement optical techniques are less fraught with potential artifacts 
than other microscopic techniques. A major problem in viewing living protozoa is their 
motility--they frequently refuse to hold still long enough to be photographed. This problem is 
especially acute for those studying the swimming flagellates and the ciliates. Therefore, a range 
of techniques have been developed for immobilization or slowing a living cell so that they can be 
viewed for longer periods of time and be photographed. 

Immobilization techniques depend on two basic approaches: chemical techniques and physical 
techniques. These are summarized and discussed briefly below: 

Chemical Techniques 
Most chemical means of immobilization are not really tlvital" in their action and appear to 

affect the cell adversely unless they are used very carefully. I have not had good results with 
techniques using metal ions, but I have had success with the antibody immobilization approach, 
provided a good homologous antiserum is available. 

Simple chemical immobilization protocols involve the use of various metal ions. A good 
example would be the Nickel Ion Immobilization technique [11 f 12]. Sikora uses the following 
solution: NiCI2, 0.125 - 0.25 mM, CaCI2 1 mM, KCI 1 mM, Tris-HCI 5 mM, pH 7.2. He 
suggests trying a range of nickel ion concentrations and also trying other similar metals such as 
copper. 

The technique of antibody immobilization exploits the ability of multivalent antibodies to bind 
the cilia of a cell together, thereby preventing swimming. Kuznicki and Sikora [7] used this 
technique to observe cyclosis in living paramecia. Homologous antiserum of an appropriate 
dilution is applied to the cells. The cells are monitored with the dissecting microscope until 
their swimming ceases. They can then be carefully placed on a standard microscope slide and 
observed with higher magnifications. Because higher concentrations of antiserum can be toxic, 
one must determine the lowest possible concentration of serum which will still immobilize. 
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Physical Techniques 
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These techniques in general depend on alterations of the viscosity of the medium or on some 
means of capturing and holding cells. 

A number of compounds, usually large, non-osmotic polymers, can be used to make the 
medium more viscous. Protozoa swim slowly or not at all in these media and thus can be 
observed. Some of these compounds are somewhat toxic and will eventually kill the cells. 
Methocel™ (15 centipoise viscosity) is an old reliable polymer [6]. A 1 to 20/0 solut1on has the 
viscosity of honey. A droplet of methocel can be mixed on a micrcscope slide with a o;oplet of 
cells. Protoslo™ is a substance sold by Carolina Biological Supply Co. and works much ~he same 
way. Spoon, et a/. [15] discuss the advantages and disadvantages of various thickening agents. 

Methods of capturing and holding protozoa for microscopic observations can be simple or 
complex, depending on the degree of control one desires. These techniques involve squeezing the 
cell between a coverglass and a slide until the cell is caught and held. 

If the protozoan is on a slide and under a coverglass, one may simply apply a slip of filter 
paper or bibulous paper to the edge of the coverglass and dry the mount until the cell is trapped. 
One usually has a few minutes to observe the cell before further drying causes so much 
distortion that the cell is crushed. This technique is useful for quick peeks at internal 
organization but not for long term studies. Spoon [13] suggests the use of small 1 cm squares 
of Handiwrap on a side as flexible coverglasses. The mount can be dried with filter paper and 
sealed around the edges Witll silicon grease. Spoon claims that gas exchange can occur through 
the film of Handiwrap but that water evaporation is inhibited. He claims that such mounts can 
be kept viable for 10 days or more. However, Handiwrap may distort the polarized light beams 
essential for Nomarski Differential Interference Contrast optics. 

More complex capture techniques depend upon the use of a special instrument called a 
rotocompressor or microcompressor [18]. These instruments are basically a coverglass 
attached to a micrometer so that a cell may be trapped and squeezed with considerable precision. 
The original design for a rotocompressor was developed by Asa Schaeffer in the 1930's. This 
apparatus was available for many years but eventually became unavailable some time before 
Dr. Schaeffer'S death. People who have the Schaeffer model generally hoard them, so they are 
hard to find today. The Schaeffer model has been used not only for simple observations but also 
for microbeam surgery on protozoa [e.g., 5 & 4] and for quantitative measurements of biomass 
of microorganisms [3]. An additional advantage of a rotocompressor is the ability to recover 
the cell after it has been observed or otherwise manipulated. 

There are three more modern designs of rotocompressors: the model of Spoon [14], the model 
of Uhlig and Heirnberg [17], and the model of Aufderheide [1]. Spoon's model is not 
commercially available at this time. It is difficult to manufacture, containing some 22 
precision metal parts, but it uses commercial glass slides and coverglasses. The Uhlig model is 
commercially available (Hydro-Bios Apparatebau GmbH, P,O.B. 8008, 2300 Kiel 17, 
Germany), but is expensive, and is more specialized for use on inverted microscopes. It is 
quite large and heavy and requires the use of special large round coverglasses. Both the Spoon 
and Uhlig models require that the coverglasses be cemented onto the appropriate metal surfaces. 
If the coverglass is broken, replacement will obviously require removal of the cement as well 
as the broken glass. The Aufderheide model is a highly modified Schaeffer unit with several 
design improvements. It is not commercially available at this time, although I can arrange for 
special order manufacture. It does require the use of special glass slides and coverglasses 
which are available, but somewhat difficult to find. The Schaeffer and Spoon models do not 
permit one to establish Kohler illumination on an upright microscope because the bottom plate 
of glass is offset from the plane of the microscope stage by about 1 mm. The Uhlig and 
Aufderheide units permit one to adjust for Kohler illumination (even double oil immersion) on 
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a upright instrument. and the Uhlig unit works equally well or, an inverted microsco~.-~S~g 
the Aufderheide unit, I have been able to capture small flagellates or bacteria and hold them for 
observation. The sensitivity of optical images possible with a rotocompressor is illustrated by 
Aufderheide [1], in which individual basal bodies in a living Paramecium are made visible. 

In all rotocompressors, the cells to be observed are placed in a very small droplet (about 1 
mm diameter) in the center of the viewing area of the unit. The top is applied and the unit is 
placed on the stage of the compound microscope. Under low power (about 100x) the unit is 
screwed down until the cells are initially immobilized. One may then switch to higher 
magnifications for critical observations. Further adjustments of the distance between the slide 
and the coverglass may be made at any time. For Paramecium, the gap between the slide and the 
coverglass required for secure, long-term immobilization is about 10lJm. After one is done 
with observations, careful release of the pressure will usually permit the cell to be recovered 
alive and intact. One develops a "touch" for how much compression and how much time 0f 
compression a particular species will tolerate. All rotocompressors must be kept scrupulously 
clean (especially the glass surfaces) and properly lubricated. 

Although rotocompressors are extremely useful for observations of living cells, one must 
remember that the cell is rather severely distorted by the capture technique. Paramecium 
tolerates this compression rather well, but it usually ceases cyclosis and feeding while it is 
captured. Other dynamic processes (e.g., morphogenesis and division) also appear to be 
sensitive to the distortion. Other species of small organisms may have very different 
expressions of tolerance to the compression. One must be aware that observations of 
rotocompressed cells may express possible artifacts from the compression process. 

A number of unusual capture techniques have been described. One involves "gluing" cells to a 
glass surface. Protamine sulfate (0.015 to 0.05%) has been used to coat slides for the 
attachment of protozoa [8]. Polylysine coating may be of similar use [16]. Sikora [10] 
describes a technique for immobilization using powdered iron particles. These are fed to the 
protozoan before transfer of the cell to a slide. The cells are immobilized by application of a 
magnetic field to the slide so that the cells are held by the iron particles in their food vacuoles. 
A simple bar magnet placed in the vicinity of the microscope stage is supposed to suffice. 

Ultimately, the researcher must be encouraged to try a number of immobilization techniques 
and to select the ones which seem to be the best for the organism used and the viewing or 
manipulation techniques involved. Because all immobilization techniques are bound to alter the 
physiology of the cell to some degree, it may be advisable to use more than one technique to 
document a particular phenomenon. 
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Chlamydomonas A -1 8 Falcomonas A-6 
Chlorogonium A-16 Filamoeba A-29 
choanoflagellates A-20 Flabellula A-30 
Chromophyton A-13 Foraminifera 
Chromulina A-13 benthic A-32 
Chroomonas A-6 plantonic A-35 
Chrysocaccus A-13 Girandyopsis A -1 3 
Chrysochaete A-13 Glaeseria A-29 
Chrysochromulina A-15 Glaucoma A-49 
Chrysoderma A-13 Glauconema A-50 
Chrysosphaera A-13 Glenodinium A-a 
Chrysomonads, photosynthetic A -1 3 Globigerinoides A-35 
Cinetochilium A-50 Gonium A-16 
Coccolithus A -1 5 Gymnophrydium A -31 
Coleps A""44 Gyrodinium A-9 
Colpoda A-47 Gyropaigne A-11 
Colpidium A-49 Goniomonas A-7 
Cricosphaera A-15 Haematococcus A-16 
Crithidia A-26 Hastigerina A-35 
Cruzella A-24 Heliophrya A-45 
Crypthecodidium A-9 Hemiselmas A-6 
Cryptobia A-24,25 Herpetomonas A-26 
Cryptomonads Heteramoeba A-30 

colorless A-7 Heteromita A-27 
Photosynth etic A-6 Heterotrichs A-42 

Cyelidium A-50 Hexamita A-23 
Cyrtolophosis A- 51 Hibberdia A -1 3 
Diacronema A-15 Histophagous A-53 
Diaphanoeca A-20 Homalogastra A-50 
Dicrateria A -1 5 Hyalophacus A-11 
Dictyocoryne A-35 Hymenomonas A -1 5 
Dictyostelium A-33 Hymenostomes A-49 
Didinium A-44 Hypotrichomonas A-22 
Didymium A-33 Imantomia A -1 5 
Didymocyrtis A-35 Imautonia A-15 
Dileptus A-44 Isochrysis A -1 5 
Dimastigella A-24 Isonema A -1 2 
Dinoflagellates, Jakoba A-27 

colorless A-9 Karyorelicteans A-41 
photosynthetic A-a Khawkinea A - 1 1 

Diplonema A -1 2 Komma A-6 
Duniella A-16 Labyrinthula A-36 
Echinamoeba A-29 L agyn ion A-13 
Emiliania A-15 Lepochromulina A-13 
Epichrysis A-13 Leptomonas A-26 
Epipyxis A-13 Lingulamoeba A-30 

Euchitonia A-35 Lobomonas A -1 6 

Eudorina A-16 Mallomonas A-13 

Euglenids Mantoniella A -1 9 
osmotrophic A -1 1 Massisteria A-27 
photosynthetic A -1 0 Mayorella A-30 

Euplotes A-44 Menoidium A - 1 1 
Fabrea A-42 Metanophrys A- 50 
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Cultivation (continued) Cultivation (continued) 
Metopion A-27 Prorocentrum A-8 
Miamiensis A-50 Proteromonas A-6,21 
Micromonas A-19 Protochrysis A·6 
Monocercomonas A-22 Protocruzia A·41 
Monochrysis A-15 Protospathidium A-44 
Monomastix A-1 9 protostel ids A-34 
Monosiga A-20 Protostelium A·34 
myxomycotans A-33 prymnesiids A-15 
Nematostelium A-34 Prymnesium A·15 
Neocallimastix A-55 Pseudobodo A-14 
Nephroselmis A·19 Pseudocohnilembus A·50 
Noctiluca A-9 Pseudoisochrysis A-15 
No landella A-30 Pseudoparamoeba A 30 
Nuc/earia A-29 Pteromonas A-16 
Ochromanas A-13 Pyramimonas A-19 
Ochrosphaera A-15 Pyrenomonas A·6 
Opercu/aria A-52 radiolaria A 35 
Ophryog/ena A-53 Reclinomonas A 27 
Opisthonecta A-52 Rhabdomonas A 11 
Orbulina A-35 Rhabdospira A -1 i 
Oxyrrhis A-9 Rhabdostyla A 52 
Pandorina A -1 6 Rhinomonas A 6 
Paraflabellula A-29,3 Rhizamoeba A 30 
Paramecium A-46 I 4 Rhodomanas A-6 

Paramoeba A-30 Rosculus A-29 
Paranophrys A-50 Rhynchomonas A 24 
Pa raph ysomonas A-27 Rhynchopus A 12 
Parauronema A-50 Saccamoeba A-29 
Parmidium A -1 1 Salpingoeca A-20 
Pav/ova A -1 5 Schizopl as mod/opsis A-34 
Pedinomonas A-19 Schizop/asmodium A 34 
Pentatrichomonas A-22 Scripps/ella A-8 
Perc%monas A 27 Scuticociliates A 50 
peritrichs A-52 Sorogena A-43 
Phaeop/aea A -1 3 Spathidium A-44 
Phaeoschizochlamys A -1 3 Sphaeromonas A-55 
Phaethamnion A·13 Sphenosto mella A-50 
Physarum A-33 Spirostomum A-42 
Physematium A-35 Spongaster A-35 
Phytomonas A-26 Spongodiscus A-35 
Piromonas A-55 Spumella A 27 
Plagioselmis A-6 Stachyamoeba A-29 
Plasmodium A-37 Stemonitis A-33 
P/atyamoeba A-29 Stentor A·42 
P/atyophrya A 44 Stephanopogon A-40 
P/eurochrysis A -1 5 Stichogloea A-13 
Po/ysphondlyium A·33 Suctorians A-45 
Po Iyto ma A·17 Synura A-13 
Polytomella A-17 Syracosphaera A-15 
Poteriochromonas A-13 Teteau/ax A-6 
Potomacus A-50 Tetrahymena A-47,48,53 
prasinomonads A 19 Tetraselmis A -1 9 
Predatory ciliates A 44 Tetratrichomonas A-22 
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Cultivation (continued) 
Thalassicolla 
Theratromyxa 
Tillina 
Tokophrya 
Toxoplasma 
Tracheloraphis 
Trepomonas 
Trichomitus 
trichomonads 
Trichomonas 
Tritrichomonas 
trypanosomatids 

insect and plant 
Uronema 
Vannella 
Vexillifera 
Volvicids 
Volvox 
Vorticella 
Woloszynskia 

Culture collections 
Cyclidium 
Cyrtolophosis 
Dictyocoryne 
Detainr~l 

Detection of human antibodies 
for Acanthamoeba 

Diacronema 
Diaphanoeca 
Dicrateria 
Dictyostelium 
Didinium 
Didymium 
Didymocyrtis 
Digestive enzyme localization 
Dileptus 
Dimastigella 
Diplomonads 
Diplonema 
DNA purification 
Dunaliella 
Echinamoeba 
Echinostelium 
Eimeria 
Emiliania 
Endotrypanum 
Entamoeba, DNA purification 
Entosiphon 
Epichrysis 
Epipyxis 
Euchitonia 
Eudorina 
Euglena 

A-35 
A-28 
A- 51 
A-45 
A-38 
A-41 
A-23 
A-22 

A-22 
A-22 

A-22 

A-26 
A-50 
A-29,30 
A-29,30 
A-16,17 
A-16 
A-52 
A-8 
E-1 
A-50 
A- 51 

A-35 
C-1 

o-s 
A-15 
A-20, 66 
A-15 
A-33, 82 
A-44,92,0-1 

A-33,82 
A-35 
C-22 

A-44,93 
A-24,74 
A-70 
A-12,60 
0-3 
A-2,16,64 
A-29,77 
A-82 
A-86 
A -1 5 

A-72 
0-3,4 

A-59 
A-13 
A-13 
A-35 
A-16 
A-59 

Euplotes 
Fabrea 
Falcomonas 
Feeding rates, FLM method 
Feulgen stain 
Fibrillar systems, stain 
Filamoeba 
Fixation methods for 

Light microscopy 
Transmission electron 

Flabellula 
Fluorescently labeled microsphere 

method 
Foram In ifera 

benthic 
planktonic 

Freeze drying, SEM technique 
Freeze substitution,SEM & TEM 
Freezing, rapid, TEM & SEM 
Giardia 
Girandyopsis 
Glaeseria 
Glaucoma 
Glauconema 
Glenodinium 
Globigerino ide s 
Gocevia 
Goniomonas 
Gonium 
Gymnophrydium 
Gyrodinium 
Gyropaigne 
Haematococcus 
Hartmannella 
Hastigerina 
He Jiophrya 
Herpetomonas 
Heteramoeba 
Heteromita 
Heterotrichs 
Hexa-mita 
Hibberdia 
Histophagous 
Homalogastra 
Hyalophacus 
Hymenomonas 
Hymenostomes 
Hypotrichomonas 
Imantomia 
Imautonia 
Immobilization of living protozoa 
Immunolabelling, TEM 
Isochrysis 

A-44,92,. 

A-42 
A-6 

B-13 

C-12 
C-4-8 
A-29 

C-4-12 
C-16,17 
A-30,?7 

8-13 

A-32,80,C12 

A-35 
C-14 
C-15 
C-15 
A-69 
A-13 
A-29 
A-49.92 
A-50,93 
A-S 
A-35 
A-78 

A- 57 
A -1 6 
A-31 ,79 
A-9 
A -1 1 
A-16,64 
A-77 
A-35 
A-45,92 
A-26,73 
A-30,77 

A-27,75 

A-42 
A-23,70 
A -13 
A-53 
A-50,93 
A - 1 1 
A-15 

A-49 
A-22,68 
A-15 
A -1 5 

C-1 
C-13 
A-15 
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Isolation 
Cortical cytoskeleton 
Endosymbiotic algae from 

foraminifera 
Diatoms and chlorophytes for food 
DNA 
lambda, ~, 1t 

mtDNA from Acanthamoeba 
Tubulin free pellicles 
Xenosomes 

Isonema 
Jakoba 
Karyorel icteans 
Khawkinea 
Kinetodesmal fibers stain 
Kohler illumination 
Komma 
Labyrinthula 
Lagynion 
Leishmania 
Lepochromulina 
Leptomonas 
Leptomyxa 
Lingulamoeba 
Living protists, methods 
Lobomonas 
Lysosomal marker 
Mallomonas 
Mantonie/la 
Massisteria 
Mayorella 
Media 

A2~ 

AF-6 

ameba 
freshwater 

marine 
ASW 
Blastocystis egg 
blood agar/diphasic 
Bold's basal 
Bristol's solution 
C 
Cereal grass infusion 

CHM 
Cornmeal agar 
CTLM 
DCM 
D-iamond's 

Om 

for study 

D-2 

A-5 
A -1 
0-3 
A-4 
0-7 
D -1 
A-4 
A-12,60,D-3.4 
A-27,?5 
A - 41 
A-11,59 
C-4-7 
C-2 
A-6 
A-36,83 
A -1 3 
A-72 
A-13 
A-26,73 
A-76 
A-30,?7 
C-1 
A-16,64 
C-22 
A-13 
A -1 9 
A-27,?5 
A-30 

A-9 

A-16,19 

A-29 
A-30 
A-8,A-15 
A-S4 
A-24,A-26 
A-19 
A-16 
A-19 
A-7.12,14, 
23,24, 
27-29,42, 
44-46,48-52 
A-7 
A-33,34 
A-22 
A-6 
A-55 
A-8 

Media (continued) 
DV 
DY III 
DYIV 
E26 
E26:ANT 
EG 
enriched agar 
Erdschneber 
112-5; 
fluid thioglycollate 
GPY/10 
Haskin's Tetrahymena 
HESt\I\N 
HI 
HilLY broth 
Hutner's Euglena 
Hu1ner's trypanosomatid 
JM 
M-7 

marine flagellate 
Mansour's 
N+C 
proteose agar 
Poteriochromonas 
PYb 
PYNFH 
RP 
8 
888 
8eawater cereal grass 

infusion 

Soi I/H2 0 biphasic 

Tetrahymena 
P rese rv a ti 0 n 

Tetraselmis 
Trebouxia agar 
TGM 
TYGM-9 
VT 
wMY 

Menoidium 
Metanophrys 
Methylcellulose(Methocel"'M) 
Methyl green-pyronin stain 
Metopion 
Miamiensis 
Micromonas 
Microsporidia 
Mitochondrial DNA purification, 

unset proc. 
Monocercomonas 

A-16 
A-13 
A-6 
A-8 
A-8 
A-1 1 
A-18 
A-1,32 
A-6,1S 
A-13 
A-33 
A-48 
A-19 
A-34,43 
A-43 
A-10,11,17 
A-26 
A-16 
A-29 
A-20,40, 
A-26 
A-33 
A-18 
A-13 
A-29 
A-91 
A-37 
A-S 
A-15 

A-7,12,14, 
20,24,30, 
40,41,SO 
A-11.42 

A-91 
A-19 
A-16 
A-22 
A-23 
A-16 
A-34 
A -11 
A-50,92 
C -1 
C-9 
A-27,75 
A-50,92 
A-19 
A-89 

D-7 
A-22,68 
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Monochrysis 
Monomastix 
Monosiga 
Mucocyst stain 
Naegleria 
Nematostelium 
Neocallimastix 
Neph rosel mls 
Noctiluca 
Nolandella 
Nosema 
Nuc/earia 
Nucleic acid derivatives. properties 
Ochromanas 
Ochrosphaera 
Oikomonas 
Opercularia 
Ophryoglena 
Opis thonecta 
Orbulina 
Oxyrrhis 
Pandorina 
Paraflabellula 
Paramecium 

Paramoeba 
Paranophrys 
Paraphysomonas 
Paratetramitus 
Parauronema 
Parmidium 
Pavlova 
Pedinomonas 
Pellicle isolation 
Pentatrichomonas 
Percolomonas 
Periphytometer (sampler) 
peritrichs 
Phaeoplaea 
Phaeoschizochlamys 
Phaethamnion 
Piromonas 
Phagotrophic feeding rates. FLP method 
Physarum 
Phytomonas 
Photomicrography 
Physematium 
Plagioselmis 
Plankton sampling-freshwater 
Plasmodium 
Platyamoeba 
Platyophrya 
Pleistophora 

A-15 
A-19 
A-20.66 
C-9 
A- 77 
A-34 
A-55 
A-19 
A-9 

A-3 ° 
A-89 
A-29,77 
Dap-v 
A-13.62 
A-15 
A- 75 
A-52 
A-53 
A-52,93 
A-35 
A-9 
A-16 
A-29,30 
A-4.46. 
90. D-1 
A-30 
A-50,92 
A-27 
A-77 
A-4,50.92 
A -1 1 
A-15,63 
A-19 
D -1 
A-22 
A-27,75 
8-9 
A-52 
A-13 
A-13 
A-13 
A-55 
8-13 
A-33.82 
A-26,73 
C-2 
A-35 
A- 6 
8-4 
A-37,84 
A-29,30 
A-44,93 
A-89 

Pleurochrysis 
Pneumocystis 
Polymerase chain reaction 
Polysphondlyium 
Polytoma 
Polyromella 
Polyurethane foam samplers 
Poteriochromonas 
Potomacus 
praslnomonads 
Predatory ciliates 
Prorocentrum 
Pro tacantha mo eba 
Protargol stain, short method 
Protargol silver stain 
Proteromonas 
Protochrysis 
Protocruzia 
Protospathidium 
Protostelium 
Prymnesiids 
Prymnesium 
Pseudobodo 
Pseudocohnilembus 
Pseudoisochrysis 
Pseudoparamoeba 
Pteromonas 
Pyramimonas 
Pyrenomonas 
Radioactivity conversion factors 
Radionuclide characteristics 
Reclinomonas 
Rhabdomonas 
Rhabdostyla 
Rhinomonas 
Rhizamoeba 
Rhodomanas 
Rhabdospira 
Rhabdostyla 
Rhynchomonas 
Rhynchopus 
Rosculus 
Riboprinting, molecular approach 

to taxonomy 
Roto-compressor 

Ruthenium Red stain for TEM 
Saccamoeba 
Salpingoeca 
Sampling 

Activated sludge 
Artificial substrates(PFU) 
Freshwater plankton 
Freshwater Benthos 

A-15 
A-87 
D-4 
A-33,82 
A-17,64 
A-17,64 
8-9 
A-13,62 
A-50,92 
A-19,95 
A-44 
A-8 
A-77 
C-5 
C-4,C-6 

A-6.21.67 
A-6 
A-41 
A-44,92 
A-34,82 
A-15,63 
A-15 
A-14,61 
A-50,93 
A-15 

A-3 ° 
A-16 
A -1 9 
A- 6 

Oap-vi 
Oap-vii 
A-27 
A -1 1 
A-52 
A-6 
A-30 
A-6 
A -11 
A-92 
A-24, 74 
A-12.60 
A-29,77 

0-4 
C-1 
C-21 
A-29,77 
A-20,66 

B-8 
8-9 
8 -1 
8-2 
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Marine benthos 
Uhlig technique 
baited trap approach 

Sessile protists 
coverglass method 
Tile method 

Soil, general methods 
Soil testate amoebae 

direct counts 
Soil ciliates. 

direct counts 
Soil. species richness 

Scanning electron microscopy 
Cell preparation & Fixation 

Freeze drying technique 
POly-L-lysine adhesive 
Rapid freezing & freeze 

substitution 
Schizoplasmodiopsis 
Schizo plasmodium 
Scrippsiella 
Scuticociliates 
Sessile protozoa 

Attachment 
Staining 

Silver carbonate stain 
Silver nitrate stain, dry 
Silver nitrate stain, wet 
Singhamoeba 
Slowing protozoa 
Slime molds 
Sludge protozoa 
Soil protozoa, 

Sampling,general 
Testate amoebae, enumeration 
Ciliates, direct counts 
Species richness 

non-flooded petri dish method 
Somatic & oral infracilliature 

staining techniques 
Sorogena 
Sources of strains 
Spathidium 
Sphaeromonas 
Sphenostomella 
Spirostomum 
Spongaster 
Spongodiscus 
Spumel/a 
Stachyamoeba 

B-3 
8-4 

B-15 
B-9 
B-5 

B 6 

B-7 
8-10 

C-19,20 

C-14 
C-18 

C-15 
A-34,82 
A-34 
A-8 
A-50 

Co, ,3 
C-3,5 
C-7 
C-11 
C-8 
A-77 
C-1.10,E-3 
A-82 
8-8 

8-5 
8-6 
B-7 

B-10 

A-8 
A-43,93 
E-1 
A-44 
A-55 
A-50,93 
A 42 
A 35 
A 35 
A-27 
A-29 

Staining techniques-light microscope 
Acid phosphatase 
Attachment to coverglassess 
Feulgen 
Methyl green-pyronin 
Protargol 
Protargol, short method 
Silver carbonate 
Silver nitrate, wet 
Silver nitrate. dry 

Stemonitis 
Stentor 
Stephanopogon 
Stichogloea 
Suctorians 
Symbionts from foraminifera 
Synura 
Syracosphaera 
Taxonomy, PCR approach 
Techniques for viewing living protozoa 
Testate amebae 
Tetrahymena 

Tetramitus 
Tetraselmis 
Tetratrichomonas 
Thalassicolla 
Thigmotatic protozoa 
Theratromyxa 
TilJina 
Tokophrya 
Toxoplasma 
Tracheloraphis 
Transmission electron microscopy 

Acid phosphatase 
Freeze Substitution 
Immunolabeling 
Poly-L-Iysine adhesive 
Rapid freezing 
Ruthenium Red stai n 

Trepomonas 
Trichomitus 
trichomonads 
Trichomonas 
Trichosphaerium 
Tritrichomonas 

Trypanosoma 
Trypanosomatids 

Insect and plant 
Vertebrate 

Uronema 
Vahlkampfia 

C-22 
C-3 
C-12 
C-9 
C-4,6 
C-S 
C-7 
C-8 
C-11 
A-33,82 
A-42 
A-40,94 
A-13 
A-45 
A-5 
A-13 
A-15 
0-4 
E-3 
B-6 
A-47.48,53, 
91,0-1-3 
A-77 
A-19,9S 
A-22,68 
A-35 
C-1 
A-28,76 
A-51,93 
A-45,92 
A-38,85,D-4 
A-41 

C-22 
C-15 
C-13 
C-18 
C 15 
C-21 
A-23,70 
A-22,68 
A-22,68 
A-22,6B 
A-78 
A-22,68 

A-72 

A-26,73 
A-72 
A-50 
A-?? 
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Vannella 
Vexillifera 
Volvocids 
Volvox 
Vorticella 
Willaertia 
Woloszynskia 
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A-29,30,77 
A-29,30 
A 16,17,64 
A-16 
A-S2,92,93,D 1 
A 77 
A 8 
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