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Introduction

Protozoa may be found in almost every aquatic hab-
itat, from cesspit 1o mountain stream, from garden
birdbath to the Amazon. Natural communities typic-
ally contain dozens of species, and this diversity is
retained when collections are made in large jars
and returned to the laboratory. The richness is ex-
pressed as a spectacular array of body forms, re-
flecting the wide range of niches occupied. The
number of species, the number of individuals within
each species, and the types of species can all pro-
vide valuable insights into the nature of the habitat
from which a sample was taken. For these reasons,
protozoa can be a convenient source of matenal to
illustrate biological principles.

In recent years it has become clear that, despite
their small size, the contribution of protozoa to the
metabolism of aquatic and terrestnial ecosystems
can be very substantial. Protozoa occupy a signifi-
cant, sometimes dominant, position amond the con-
sumers within a community. Their importance is
closely linked with their use of bacteria as a source
of food. Progress in understanding the role of par-
ticular protozoa and the nature of the transactions
that occur among members of the microbial com-
munities has been held back because there is little
familiarity with the organisms.

Protozoan communities are very dynamic struc-
tures, with numbers of cells changing rapidly by
cell division, encystment or excystment. The struc-
ture of the protozoan community quickly responds to
changing physical and chemical charactenstics of
the environment, suggesting a potential use of the
diversity of protozoa and the occurrence of par-
ticular species as indicators of changes in €cosys-
tems. However, such suggestions should be fol-
lowed with caution as there are major difficulties
involved in finding the right way to sample the hab-
itats occupied by protozoa, and in accurately identi-
fying species.

In order to understand or to use the protozoan
community (particularly as an indicator of change)
in teaching or research, it is necessary to be able to
identify individual protozoa. Developing familianty

What are protozoa?

Protozoa cannot be easily defined because they are
diverse and are often only distantly related to each
other. They are umicellular eukaryotes. Together
with the unicellular algae and the slime moulds, they
make up the protists. Protozoa have usually been

with the diversity of any group of organisms can be a
daunting task. In the case of protozoa, there are few
English-language books offering an authontative
understanding of the group, Many books claiming to
be guides to the protozoa (see Bibliography, for a
list of such books) often require knowledge of spe-
cial preservation and/or staining techniques, or they
rely on codified drawings of organisms. The latter
may be suitable for specialists, who understand the
way in which the information has been coded, but
such drawings add to the hurdles faced by be-
ginners. This Guide relies heavily on photographs
because they show protozoa as they would appear
to an observer looking down a microscope, and
make the learning and recognition processes a little
more exact

This Guide deals only with protozoa from fresh-
water sites, and the organisms illustrated have been
obtained from ditches, small ponds, puddles, lakes,
aquaria and water-treatment plants. The common
and accessible organisms are emphasized in pref-
erence 1o rarer organisms or organisms less likely
to be collected (e.g. from open lakes or from anoxic
habitats). As the book is not comprehensive,
readers will find that some organisms are not inclu-
ded here. For these, and for identification beyond
genus, the user should make use of the specialist
literature cited in the Key and the Bibliography.

The terms ‘free-living, ‘protozoa’ and freshwater
have been rather freely interpreted: included are a
few organisms that may be found in soils, mosses
and low-salinity brackish water habitats. There is
considerable species overlap between com-
munities from these habitats and from more usual
freshwater sites. Indeed, some species can be
found in both marine and freshwater sites. Soil pro-
tozoa are of great importance in cycling nutnents,
and should not be ignored. Also included are a
couple of protozoa that are found living attached to
other organisms. Ectosymbionts rarely harm their
hosts, and are best regarded as free-living species
exploiting their hosts for attachment. Their location
usually secures a better supply of food.

distinguished from algae because they obtain energy
and nutrients by heterotrophy, that is, by taking in
complex organic molecules, either in soluble form
(osmotrophy) or as particles such as bacteria, detritus
or other protists (phagotrophy). Protozoa (first ani-
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type of feeding strategy as animals. Heterotrophy
contrasts with photosynthesis, the use of radiant
energy (sunlight), as a source of energy for meta-
bolism (as in algae and plants). In unicellular organ-
1sms, these two nutritional strategies are not
exclusive (as they are in multicellular plants and
animals). Indeed, quite a large number of flagellates
are mixotrophic and can use both types of nutrition;
many heterotrophic protozoa harbour photosyn-
thetically active endosymbionts.

Protozoa include amoeboid, flagellated and cili-
ated organisms that are capable of heterotrophic
nutrition, whether or not they also contain chioro-
plasts (see p.19, for the composition of protozoa),
Some heterotrophic protists evolved before the

ability to photosynthesize was acquired, but others
evolved from algal protists by loss of their chloro-
plasts. Not only has the protozoan state been
achieved independently in different lines of evolu-
tion, but these organisms cover an immense area of
evolutionary territory, measured in molecular
terms, two protozoa may have less in common than do
a plant and an animal. Furthermore, not all protozoa
are equally equipped to deal with the demands of
living. Having appeared over the period during
which the eukaryotic cell was being assembled,
some have relatively few organelles at their disposal
whereas others have been very inventive in the de-
velopment and application of organelles. One should
therefore be very wary of making generalizations
about this diverse group.

Distingrstiing protozoa from other microbes

The microscopic community includes bacteria and
blue-green algae (both are prokaryotic, having no
nuclei or other discrete cellular organelles), algae
(both motile and non-motile, unicellular and multi-
cellular), slime moulds, and some small (multi-
cellular) metazoa (especially rotifers, gastrotrichs,
copepods, flatworms and nematodes). Typical repre-
sentatives have been illustrated (Figs 4-19) to aid in
distinguishing protozoa from non-protozoa.

In principle, distinguishing protozoa from met-
azoa is simple: protozoa are single-celled: metazoa
are comprised of many cells. In practice, it is ex-
tremely difficult to see the boundaries of cells within
microscopic metazoa, and other features may have
to be relied upon for positive identification: the exo-
skeleton and jointed appendages of small arthro-
pods (Fig. 231) allow them to be easily recognized;
rotifers have a distinctive mastax (Fig. 15) behind
the mouth, anterior cilia and a forked ‘ail" and the
round, smooth surface of most nematodes (Fig. 18),
together with their stiffness and their serpentine
motion, makes them easy to recognize. Only a few
gastrotrichs (Fig. 16) and tardigrades (Fig. 19) are
likely to be found, and they are quickly learned.

Equally simple on paper is the distinction be-
tween protozoa and prokaryotes. The latter have no
internal organelles, and are usually very much
smaller than protozoa, with one dimension restric-
ted to about | ym. However, some protozoa are
very tiny, and some bacteria are rather large and
may have various inclusions, so identification is not
always straightforward. Most bacteria have a
simple shape (spherical, sausage-shaped, helical),
and most, but not all, are rigid. Many are capable of
swimming or gliding, but none have the lashing cilia

or flagella of eukaryotic single cells, nor are they
able to form pseudopodia.

Protozoa may be amoeboid, flagellated or cili-
ated. There is no clear boundary between flagel-
lated protozoa and flagellated algae. If definitions of
algae and protozoa based on their respective nutri-
tional strategies are accepted, then some organisms
are both algae and protozoa. Some protists that rely
exclusively on heterotrophy (i.e. are protozoa) may
be closely related to some species that rely ex-
clusively on autotrophy (ie. are algae). Exception-
ally, autotrophic and heterotrophic species may be
so closely related that they are placed in the same
genus. As no clear boundary can be drawn here,
this Guide includes some algal cells that may be a
source of confusion, or that are closely related to
protozoa.

Just as there is an unclear boundary between
algae and colourless flagellates, so there are prob-
lems in distinguishing between slime moulds and
amoebae. Slime moulds are amoeboid organisms
with two stages in their life cycle that are not
encountered in conventional amoebae. They can
form large amoeboid masses, and they may produce a
mass of spores (cysts) that is lited away from the sub-
strate on a stalk, allowing the spores to be released
Into air or water currents to aid in the dispersal of the
organism. The large amoeboid stages (plasmodia)
are rarely observed, except when special growth
media are employed, and have not been included
here. Slime moulds may have unicellular (amoeboid
or flagellated (Fig. 20)) stages in their life cycle,
which may be misidentified as protozoa. Some
hyphal fungi also produce flagellated stages (zoo-
spores) which may be mistaken for protozoa.




Equipment

For effective protozoological work, the following
equipment is essential: a compound microscope, 2.6
X T76cm glass slides with coverslips, glass
dropping (Pasteur) pipettes and teats, small glass
Petni dishes, collecting jars, soft tissues and filter
paper (blotting paper). Ideally, the following equip-
ment should also be on hand: a dissecting (low-
power or binocular) microscope, an alcohol or

Microscopes

The choice of microscope is important in the study
of protozoa, in that a good choice will allow you to
See more, and to see it with ease. Microscopes with
built-in illuminators and binocular eyepieces are
more convenient than those with separate light
sources, and protozoologists also benefit greatly
from phase contrast optics. The condenser should
be equipped with an ins. An option for photography,
such as a trinocular head with a vertical tube to
which a camera can be attached, is desirable.

The components requiring the most critical con-
sideration are objectives: the best affordable should
be used. Normally several objectives will be needed,
and the magnifications should range between x10
and x100.

Magnifying power is less important than resolving
power, that is, it is far better to see details clearly
than to have them appear large but blurred. If
finances are restricted, it is preferable to buy a
smaller range (minimum of two, about x10 and x40)
of good-quality objectives than several of poor-

Basic care of microscopes

Microscopes are expensive and delicate, and the
glass surfaces are most vulnerable to dirt and
damage. Both cause reduction in image quality. For
example, mascara-laden eyelashes can damage
the surfaces of eyepieces! However, a properly
maintained microscope can last for decades.
As far as possible, keep dust off microscopes by
protecting them with a plastic bag or cover. Do not
any open tubes uncovered (e.g. the eyepiece
tubes), as dust will get inside the microscope. Avoid
sudden changes in temperature, since this can lead
0 condensation inside the microscope. Do not
place a microscope where it can be splashed with
Wwater or other chemicals, Salt water should be re-
moved quickly if it gets onto the microscope. As a
general rule, microscopes should be keptin a dry

bunsen burner, lens tissue, a measuring eyepiece
and micrometer slide, a filter apparatus (filter
funnel/coffee filter), plankton net (less than 20um
mesh), a can of compressed air with a nozzle, a col-
lection of bottles and jars, solid watch glasses,
barley, wheat and/or rice grains, agar powder,
autoclave (pressure cooker), photographic facilities
and a centrifuge.

quality. Higher-power objectives are usually of the
oil-immersion type. Ideally, if the microscope is
capable of phase contrast microscopy, phase ob-
jectives should be bought in preference to those of
the bright-field (normal) variety. The eyepieces
should have a magnification of between x8 and x12.

Adi Ing microscope is a lower-power micro-
scope with greater depth of field than a compound
microscope, a longer working distance (between
the lenses and the specimen), and usually with
stereoscopic vision. It is ideally suited to hunting
around a sample before material or orgamisms are
selected for observation or culture. Lighting on such
micToscopes may either be from above (top lighting)
or transmitted through the specimen. The latter 1S
desirable when examining protozoa, with the light
somceremvedasfa:aspo@blefromﬁ:eorg&n&ns
to increase contrast and to reduce the risk of heating
the specimen. Good dissecting microscopes have
built-in illuminators.

Compact field microscopes are also available.

atmosphere and at an even temperature.

If possible, avoid touching glass surfaces with any
material. Most dirt will be in the form of dust, anditis
best cleaned off using compressed air from can-
isters (such as can be bought at photographic
agencies). If surfaces have to be cleaned by wiping
them (e.g. to remove immersion oil), avoid using any
maternials that may contain grit, such as cheap paper
tissues. Special lens tissues are available (usually
from photographers and opticians) for cleaning
optical glass surfaces, but clean, soft cotton 1s also
very good,

Lubrication of moving parts (stage movement, ob-
jective turret, focusing mechanism, ins diaphragms) is
best left to experts.




Basic microscopy

Familiarize yourself with the principle components
of the microscope These include the light source,
condenser, stage, objectives, and eyepieces.

e The light source: almost all modern micro-
scopes have ' bult-in illuminators, typically
equipped with a diffuser to give even illumination,
and a regulator to control the level of illumination.
There 1s no ‘perfect’ level of illumination: light inten-
sity should be adjusted for personal convenence.
More intense lights tend to heat the specimen being
observed, and will lead to physiological distress
and morphological distortion of cells. Minimal illum-
ination, best achieved by working in a dimly lit or
darkened room, is desirable.

Some microscopes have meters that indicate the

relative intensity of illumination. In some, the upper
extreme i1s marked (usually in red), and if the inten-
sity remains at this level for a long time, it will
shorten the life span of the bulb. Some meters also
have a marked zone in the middle of the range,
within which the best colour balance in photo-
graphs will be achieved.
® The condenser is a lens system that focuses light
onto the specimen. The condenser can be moved
up and down relative to the stage, and on some
microscopes it may also be possible to move it to the
left and the right, and backwards and forwards. It
may contain an iris, and may have removable or
optional components for different contrast enhance-
ment techniques.
® The stage usually has a clip that is pressed
agamnst the end of a slide to hold it in place. Addi-
tional clips that press onto the top of a slide are
entirely unnecessary.
e The objectives are usually located on a rotating
turret, and will click into place, If all the objectives
have been bought from the same manufacturer,
they should all focus at the same level, eliminating
the need to change the focus as you switch fromone
objective to another, and helping to prevent ac-
cidental damage to specimens, or to the objectives
themselves.

The highest-power objectives are usually of the
oil-immersion type. A drop of special immersion oil,
which should be obtained from the microscope
manufacturer, is placed on the coverslip above the
specimen, and the objective is then rotated into
place so that it touches the oil

To set a microscope up for basic bright-field (no
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contrast enhancement) microscopy, the steps are as
follows:

® First select a low-power objective (x10 or lower).
Place the slide (with coverslip) on the stage, switch
on the lamp, check that all irises (lamp housing and
condenser) are wide open, and focus on the speci-
men or on the edge of the slide or the coverslip.

® If there is an iris in the lamp housing, close it
down; if not, place an object with a distinct edge
(e.g. a piece of paper) on the glass surface of the
lamp housing that is nearest the specimen. Looking
down the microscope, adjust the condenser until
the edge of the iris or of the piece of paper is in
focus. The condenser is now focused to project
light onto the specimen.

e If there is a lamp iris, make sure that its image is
in the middle of the field of view. If this is not the
case, then the condenser is projecting the light to
one side of the objective rather than along its optical
axis. Check that the objective is screwed in tightly
and that it is clicked into its proper position. If the
light is still directed to one side, the condenser may
be incorrectly fitted, or you may have to adjust its
side-to-side or to-and-fro position in order to align it
along the optical axis of the objective. There are
usually two knobs or screws for this purpose. Having
centred the condenser, open the lamp iris.

The above steps need only be repeated at the
outset of each session The following steps should
be carried out every time the objective is changed:

® Remove one eyepiece, and, looking straight
down the tube, close the condenser iris if there is
one. Open the iris until any change in its position
neither enlarges the area being illuminated nor in-
creases the amount of illumination. Having closed
the iris slightly, replace the eyepiece. The micro-
scope is now ready for use.

The illumination achieved by setting up the mic-
roscope in this way is called bright-field micro-
scopy. Specimens with colour and great inherent
contrast can be seen clearly, but most protozoa will
be almost impossible to see. Consequently, some
form of contrast enhancement will be required.



Contrast enhancement

Contrary to the recommendations of many books on
microscopy, resolving power is less important to
protozoologists than is visibility. The lack of optical
contrast in many protozoa means that very little can
be seen using normal bright-field microscopy. The
photographs of Paramecium bursana (Figs 349-358)
illustrate some of the techniques that may be em-
ployed to enhance contrast. Special accessories are
required for most of these,

The simplest way of enhancing contrast is to close
the ins in the condenser, or to lower the condenser
so that it is below its optimal position (compare Figs
349 & 350). Dark-ground effects (Fig. 353) can also
be achieved by adjusting the lighting so that light is

Microscopical examination

Normally, preparations are made on glass micro-
scope slides; a coverslip should always be used, as
it protects the objectives from contamination and
Improves umage quality.

2.6 x 7.6 cm reusable glass slides are widely em-
ployed. They should be cleaned and polished with
tissue before use. Coverslips are available in various
sizes and thicknesses, ranging from No.0 to No.2,
which are thin and thick respectively. The author
recommends 22 x 22 mm (square) or 32 x 22 mm
No.l1 coverslips. Like slides, coverslips should be
cleaned before use, as small glass fragments, or
greasy films reduce image quality. Coverslips are
cleaned by carefully drawing them between folds
of issue held between the thumb and forefinger.

Heat and oxygen-depletion can cause cells to be-
come moribund. The lamp of a microscope tends to
warm specimens, and cells may only remain
healthy for a few minutes. Bringing samples from
bodies of water into a laboratory can involve a
10-20°C temperature change, which is enough to
cause extensive physiological distress. Samples
taken from organically enriched sites (e.g. sewage
treatment plants) and placed under a coverslip will
rapidly use up the available oxygen, and the com-
munity structure will begin to change within a few
minutes. Thus, rapid processing is usually desirable
if you wish to observe healthy cells behaving nor-
mally.

It is usually more convenient to add only a small
drop of the sample to the slide. If it is possible to
move the coverslip around freely, there is too much
fluid, and protozoa will move not only in the lateral
plane but also in a vertical plane, making careful
observation almost impossible.

The movements of protozoa often cause prob-

directed through the object, but passes to one side
of the objective. Both techniques make specimens
visible, but they can only reveal a limited amount of
detail in an object.

Phase contrast facilities are widely available.
Special objectives and a condenser are required. If
starting from scratch, it is probably more economi-
cal to buy phase facilities at the outset. Phase con-
trast is a relatively cost-effective way of getting
good, high-contrast images. Nomarski (differential
interference) contrast also requires special ac-
cessories, these are relatively expensive, but the
resulting images (Fig. 352) have great clarity as well
as good contrast.

lems. Usually, active motility i1s a sign of distress.
Typical causes might be pressure from a coverslip,
overheating, or depletion of oxygen. The cells move
until they find a more favourable site. The use of
minimal illumination or gently blowing on a prepar-
ation as you observe it often ‘calms’ protozoa. Filters
that remove heat can be obtained from microscope
suppliers. If these devices do not work, various nar-
cotizing agents or viscous slowing agents can be
used, Narcotizing agents include the solutions of
heavy metals, such as nickel or copper chlonde
(used at a concentration of 5-10 mMoll), while
methyl cellulose can be used to increase viscosity:
lodine or formalin will kill protozoa. All of these
treatments may cause distortion of one sort or an-
other, and, as one of the great pleasures of watching
protozoa is to see them behaving naturally, all can
be regarded as unsatisfactory

An alternative means of immobilizing active or-
ganisms is to use a small piece of tissue paper to
draw excess fluid from under the coverslip. The
coverslip is pulled down towards the slide, and pro-
tozoa can then be trapped. Such samples can be
observed for about five minutes before cells be-
come distorted. A small pipette and some fluid
should be kept handy, as it may be necessary to add
a small drop of fluid fo the edge of the coverslip to
release the cell from terminal compression.

A few protozoa may go unnoticed because of
their inactivity. Amoebae, in particular, require a
few minutes to recover from the trauma of being
placed on a slide. Other organisms may be located
in detritus and will not become visible until they
have been given sufficient time to disperse from it

Complete beginners are advised to work with
material that is known to contain many protozoa, for
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example, natural samples that have been checked
using a binocular microscope, cultures from biolog-
1eal suppliers, sludge samples from treated sew-
age, coverslips left for three days on mud collected
when there was an orange or green patch on the
surface, or water with a soup-like consistency. With
samples maintained in bottles in the laboratory, the
fluid in the middle section of the bottle will have
relatively few organisms; most protozoa will be
found near the sediment or associated with the sur-
face film. This can be sampled by placing the flat
side of a coverslip against it.

Using one of the methods for enhanced contrast,
and making sure that the microscope is focused on
the sample (check the edge of the coverslip) at a
low magnification (about x 10), scan the slide meth-
odically to find protozoa.

In order to examine rare or specific types of pro-
tozoa, it may be necessary to soften the glass of a
Pasteur pipette in a burner, remove it from the

Recording protozoa

It is strongly recommended that protozoa should not
merely be observed, but also recorded. The most
simple and often the best way of recording protozoa
in a sample is to make line drawings. This directs
the eye to important features. The copying of
drawings from books should be avoided, as many
are inaccurate and often contain information in a
coded form. :

A picture of the organism should be built up, be-
ginning with outline sketches and a measure of size
(see below), and including a number of typical pro-
files. The location of the nucleus, mouth and con-
tractile vacuoles, together with the density, length,
width and location of flagella or cilia, should then be
added. Separate drawings of details of, for example,
the behaviour of the contractile vacuole, the contents
of food vacuoles, the patterns of locomotion, the

structure of the mouth, and the presence of extru- -

somes, should also be prepared. Written notes are
often very useful.
Drawings need to be accompanied by an estimate
of size, which may be made in two ways. The first is
to measure the diameter of the field of view (the
area that can be seen when looking down the
eyepiece) before making observations, by looking
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flame, and, with a smooth movement, draw it out to
the thickness of a hair. This pipette can then be
broken to give an aperture with a diameter 2-§
times greater than that of the cell, and can be used
to pick up individual cells with the minimum amount
of fluid while using a dissecting microscope. Pro-
tozoa collected individually or in small numbers
have the peculiar ability to disappear after being
added to a slide: they may be killed as they are
pulled into the pipette, adhere to the inner surface
of the pipette, be smashed as the coverslip is added,
or move to the thin film of fluid around the outside of
the coverslip. Care and regular examination of the
cells throughout the procedure are advisable if it is
important that a particular species 1s observed.

Large protozoa may be crushed by coverslips,
and should be protected by creating a chamber on
the slide. This is achieved by placing two shards of
broken coverslips on either side of a drop of fluid
and then laying another coverslip across them.

at a micrometer shde with a scale (usually | mm)
etched onto its surface, Measurements of the field of
view have to be made for each objective. The size of
an organism may then be estimated as a proportion
of the field of view. Alternatively, a measuring
eyepiece may be used. This contains a scale which
is in focus when observing the specimen. Micro-
meter graticules are inserts which convert normal
eyepieces into measuring eyepieces, and they can
be bought for most types of eyepieces. Measuring

-eyepieces have to be calibrated against a micro-

meter slide. This has to be done for each objective.
Organisms are measured as a number of eyeplece
units, and this is converted into microns. Multiplying
the magnification of the objective and of the
eyepiece does not give the magnification of the
object being observed.

Although drawings are best made in a firm plain
paper notebook, one option is to use large punch-
cards. The holes may be cut out according to a pre-
determined code (e.g. to indicate the presence of
cilia, flagella or pseudopodia, or to indicate colour,
habitats, etc.), and, by using a knitting needle, all
previously made drawings with a particular feature
can be selected and compared.




Uninterpreted records

The extent to which errors of interpretation of the
protozoan form may occur is quite remarkable.
Thus, uninterpreted records are highly desirable
and ought to be included in professional surveys.
Such records can be made by photography, ciné or
video. However, since ciné has been rendered ob-
solete by advancing video technology, it will not be
discussed any further. If photography or video are
to be used, it is best to have a microscope equipped
with separate ports to which cameras may be
attached: the usual arrangement is to have a micro-
scope with a trinocular head. Usually, the camera is
attached to the vertical tube (Fig. A).

Photomicrography of protozoa requires a camera
from which the lens can be removed, an adaptor
that will allow attachment to a microscope, and a
projection eyepiece. Only if the camera is attached
to a separate port will it be possible to make unhin-
dered observations of protozoa while photographs
are being taken.

Cameras with a heavy shutter movement (focal
plane shutters) will cause vibration in the micro-
scope and movement of the fluid on the slide. Such
movement is greatly exaggerated on the film plane
because of the magnification factor, and the object
will appear blurred or out of focus. It may be neces-
sary to support such cameras on a stand, rather than
attach them directly to the microscope. Cameras
with diaphragm shutters are to be preferred.

Whereas photography of fixed and stained prep-
arations 1s straightforward, and any camera with
automatic exposure control can be used, fast mov-
ing living organisms can only be photographed sat-
isfactorily with an electronic flashgun. There are
many cameras on the market that can adjust ex-
posure of subjects illuminated by electronic flashes,
but as yet none is available specifically for micro-
scopes. For use in photomicrography, domestic
cameras need to be modified: the flash tube must be
placed in the light path either by dismantling it from
the electronic flash gun and fixing it in an appropnate
location in the light path, or by redirecting the flash
into the light path of the microscope via a mirror
system (Fig. A, Patterson, 1982). Variations and im-
provements of such systems may be found in the
pages of Microscopy (the journal of the Quekett
Microscopical Club) or in Mikrokosmoas (in German),
both of which cater for the amateur microscopist.

Without an automatic flash exposure system, the
exposure will differ with each magnification and
with each type of contrast enhancement system.

Obtaining the correct exposure involves a series of
trials with neutral density (grey) filters, such that the
hight is attenuated to the appropriate intensity.

Photomicrographers should have basic photo-
graphic skills and access to a darkroom. Micro-
scopically viewed objects have much poorer con-
trast than conventional subjects, and specialist films
and developing or printing techniques may be
needed. Photography of living protozoa has a high
film-wastage rate, as the organisms move at in-
appropniate moments or with unkind rapidity. The
best black and white films, for example, Kodak
Technical Pan, are those that have very high contrast,
adjustable sensitivity, and an insignificant grain. For
colour work, the author has used conventional
colour-reversal (slide) film. Special photomicro-
graphic films are available, but they are difficult to
obtain, expensive, and offer marginal improvement
over normal films. If an electronic flash is to be used,
daylight colour films are appropriate; without a
flash, a blue filter'or an artificial light film will be
needed.

Photographs are gften marred by dust within the
optical system. The most common sites from which
images of dust are projected onto the picture are the
glass surfaces between the objective and camera,
and the front face of the lamp housing of the micro-
scope. Dust should be removed with compressed
air (see p.11). Slight unfocusing of the condenser
usually eliminates any images of dust inside the
lamp housing.

15




J
'
— W i _u.ozwy

Video microscopy

Video microscopy is an ideal medium for teaching
MICroscopy and protozoology, as many smaller or-
ganisms can be identified from their movements
and the images recorded on video tape. VHS tapes
give poor-quality results if edited, but S-VHS,
BETACAM and U-MATIC formats are suitable if
editing is required. The sound-track can be useful
for recording verbal comments.

It is now as cheap to buy a colour camera as a

black and white one, and colour is recommended.
Camcorders can be set to focus on infinity and
simply directed down the eyepiece, but the result is
far from satisfactory. It is preferable to use sur-
velllance-style cameras without a lens, which are
attached to the microscope using a special adaptor.
Adaptors may be bought from microscope supp-

« liers.

Where to find and how to collect protozoa

Protozoa occur in trophic or encysted states in virtu-
ally any kind of natural habitat which is temporarily
or permanently wet. The numbers of active, trophic
individuals will be determined by the amount of
food available and by the prevalence of predators.
Many protozoa directly or indirectly rely on decay-
ing organic (vegetable) debris or on unicellular
algae for food. The richest sources of protozoa in
natural habitats are sites of high productivity, such
as shallow ponds, or the borders of larger standing
bodies of water where leaves and other plant matter
accumulate and where the sun penetrates in suf-
ficient strength to support algal growth. Any small
body of water that has developed a strong colour or
a green mat of matenal (either across the bottom or
within the water) will probably prove to have an
algal bloom. Protozoa are often present as con-
sumers of these algae:

Very small ponds and puddles are rarely par-
ticularly good sources because there may be a
paucity of nutrients, or because continual drying
and rewetting creates very demanding conditions
in which only a few species ¢can survive. Similarly,
flowing waters do not usually contain many pro-
tozoa. However, protozoa may be found in and
around associated plant material

Protozoan communities are very changeable and
when collecting, transporting and maintaining sam-
ples, care must be taken to prevent severe changes
in the communities. If samples are kept in a cool
place in the laboratory, a succession of different or-
ganisms will appear over a period of several weeks.
Collections should be made in relatively large glass
jars and samples should contain some detritus, but
soil and mud are best avoided. Sufficient organic
matter to form a loose layer at the bottom of the jar
should be included.

Most pond/ditch/lake samples will be collected
from clean, organically enniched, or anoxic sites;
each type of sample has to be handled differently. If
the water from the callection site is clean and aerated,

a large amount of air should be enclosed with the
sample to prevent it becoming anoxic. Samples
from anoxic sites (they usually look black or smell
strongly) should not be mixed with clean-water
samples, as the sulphides that are present will kill
the protozoa from aerated sites, and the oxygen will
kill protozoa living in anoxic sites. For this reason,
one should also avoid mixing air with the sample.
Protozoa from organically enriched sites (e.g. polluted
sites and sewage works) usually need some
oxygen, but as this can be very rapidly depleted by
bacterial degradation of organic matter, samples
should be stored as a thin layer of fluid with plenty of
air,

Open bodies of water are worth sampling, es-
pecially if they have a distinctive greenish, olive or
brown colour, as this may suggest a bloom of algal
growth. However, samples from open waters have
to be concentrated; this is usually done in the labor-
atory (see below), but it can be done on site. The
most simple way is to pour the sample through a
coffee filter, shake it (before all the fluid has gone) to
resuspend collected material, and tip the con-
centrated sample into a container. Many species
die soon after being concentrated. Samples may
also be taken with a plankton net, ideally with a
mesh size of less than 20 um if the net is to retain
protozoa. Such nets are expensive. A slower but
convenient method is to reverse filter a sample. A
plastic or glass cylinder with a membrane (e.q.
0.45 um Nuclepore) filter or a 20 um (or finer)
mesh filter (obtainable from Staniar, see p.220) over
one end is placed into a sample. Water passes into
the cylinder, but the protozoa are held back by the
mesh. The water can be removed from inside the
cylinder with a pipette,

Alternatively, sponges or slides inserted into ex-
panded polystyrene foam may be suspended in a
water column for a week or so, and communities will
develop on these.

If a sample is left to stand undisturbed for several
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hours, various species may move towards the light,
or accumulate at the top, bottom or sides of the con-
tainer. Such aggregations are sometimes visible
with the naked eye, but flat glass containers (such as
Petri dishes) and a dissecting microscope do make it
much easier to find them. Generally, samples taken
from the bottom of a jar will contain most protozoa.

Muds, sands, peat slurries and other sediments
are often rich in protozoa. Samples of the top few
millimetres (Le. without the deeper anoxic matenal)
may be taken with a spoon (wok spoons are ideal). In
the laboratory the sediment may be used to inoculate
a fluid culture (see below). Most protozoa in sedi-
ments are motile and will move upwards; they may
be collected by placing the sediment 1n a dish, re-
moving the excess fluid after a few hours, placing a
layer of lens tissue over the mud, and adding some
ooverslips Two or three days later, a community of
organisms will have developed on the undersurface
of the covershps Older preparations usually be-
come anoxic.

Soils contain many protozoa, and may be used to
inoculate fluid cultures (see below). Virtually every
species found in soils has the capacity to encyst, and
good results are obtained if the soil is first allowed to
dry out completely. Dry crumbs of soil are then used
to inoculate fluid of agar cultures. Alternatively, the
soil may be dampened so that fluid and associated
protozoa may be squeezed out by finger pressure.

Keeping samples

Once collected, protozoan samples should be pro-
tected from temperature changes and kept out of
direct sunlight. If it is important to report accurately
the most common species that are present, a list
must be made within 12 hours of collection.

If stored out of direct sunlight (e.g. near a north-
facing window in the northern hemisphere), and if
protected from cold and heat, samples will usually
provide a changing community of protozoa for several
weeks. If placed in large, flat containers, the samples
can be monitored with a dissecting microscope to

Cultures

In order to maintain long-term cultures, it is neces-
sary to provide a medium that suits each species,
and a supply of approprate food. Glassware that
has been cleaned in hot water and rinsed of all det-
ergent provides the best culture vessels.

Cultures can be selective or non-selective. The
latter are usually samples of water enriched with
some food material Since most protozoa eat
bactenia or bacterial detritus, the simplest way 1

Mosses, such as Sphagnum, also contain many
protozoa, especially testate amoebae and various
species with symbiotic algae. Handfuls of the fila-
ments that extend to the ground should be collec-
ted, placed in a plastic bag and returned to the lab-
oratory. Protozoa will be found in the water that is
obtained by squeezing the sample several imes.

Other sites that are rich in protozoa include shimes
on solid surfaces over which water is running, areas
under ice, and the gutters of houses. Protozoa also
occur in abundance in sewage works, where they
play an important role in clanfying the water (they
remove suspended bacteria). The protozoa are
found in the sludge of activated sludge plants, in the
organic layer in trickle filters, or on biodiscs.

The relative abundance of protozoa varies accord-
ing to the time of year. The greatest diversity occurs
in late winter and very early spring, when there are
relatively few metazoa. Freshwater protozoa with
symbiotic algae appear to be relatively abundant
early in the year in temperate climates.

Samples that contain large numbers of animals
(small crustacea, worms, midge larvae, etc.) will not
provide as rich a variety of protozoa as those without
metazoa. If metazoa are present, the protozoa will
soon disappear after the material has been returned
to the laboratory, and it is advisable to pass the
sample through a sieve or other crude filter to remove
larger organisms if a long-lived sample is required.

establish the diversity and abundance of organisms.

It should be noted that an excess of organic mat-
ter can cause cultures to ‘go off: the organic matter
creates a biological demand for oxygen that cannot
be met by diffusion from the surface. The cultures
first become milky with bacterial growth, and an-
oxic (even reduced) conditions may follow. This can
be avoided by keeping the amount of organic matter
to a minimum and by ensuring that the sample hasa
large surface area.

enrich a culture is to add several boiled barley,
wheat or rice grains. However, as cultures enriched
in this way tend to distort the community structure,
this approach cannot be used to provide a list of all
the protozoan species initially present in a sample.
Non-selective cultures often produce similar
species (equivalent to garden weeds). Genera that
commonly emerge in organically enriched cultures
include the flagellates Chilomonas, Bodo and Para-
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physomonas, and the ciliates Paramecium, Cin-
etochilum, Cyclidium, Halteria, and Colpidium
(pp.186-187).

More selective cultures are obtained either by
offering food that will suit particular protozoa only,
or by collecting one or more individuals of one
species and inoculating them into a suitable
medium with food. The best medium is filtered fluid

from the sampling site, but most freshwater and soil

species will also grow in commercially available,
non-carbonated spring waters with a low mineral
content.

For the most selective cultures, it is necessary to
catch individual protozoa with a fine pipette. This
can be frustrating at first. It helps to hold the pipette
so that it does not shake: it can be braced across
several fingers, or held with two hands. The pipette
1s kept relatively still under the microscope, and the
sample is gently moved around to bring the or-
ganisms to the pipette, rather than the other way
around. Alternatively, a small drop of fluid can be
drawn up via a teat ora tube to the mouth. For very
small organisms, it may be necessary to carry out
this process under a compound microscope, using a
mechanically driven (hypodermic) syringe to draw
up small quantities of fluid.

If absolute purity is required of a sample, around
20 selected cells are placed in several millilitres of
medium. The cells are collected a second time and
the process repeated. This ‘washes' the protozoa,
and also removes any contaminating species. The
farget species .can then be inoculated into fresh
medium with a source of food. The most rewarding
growth is usually achieved if the initial cultures are
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of small volume (no more than several millilitres).
and it isadvisable to build up the size of the cultures
gradually.

The technique of inoculating cultures with small
numbers of selected cells often fails because the
right kind of food is not available, or because the
composition of the medium is not ideally suited to
the target organism. Some species grow best in
mixed cultures, and this is especially true of larger
genera such as Amoeba or Stentor.

Some protozoa do not grow well, or conveniently,
in a fluid medium, being more suited to thin films of
water. They can be grown on solidified 1.5-2%
agar: 1.8 g of agar are added to 100 mis of medium.
placed in a boiling water bath until molten, poured
into shallow (usually Petri) dishes, and left to gel
Agar is suitable for many amoebae and soil pro-
tozoa, and some flagellates. The dishes should be
covered to prevent evaporation while the protozoa
grow. If used with soils, this approach is particularly
successful in cultivating small amoebae. Fluid cul-
tures of soils tend to produce the ciliate Colpoda.

Most protozoa are selective feeders and cultures
must seek to provide appropriate food The principal
categories of food comprise bacteria in suspension.
bacteria adhering to surfaces, other protozoa
algae, and detritus. The simplest organisms to cul-
ture are often those that eat bactena, a supply of

-which can be guaranteed by adding boiled barley,

wheat, or rice grains to support bacterial ggowth.

Other media and methods of culture ar® to be
found in, for example, Finlay et al. (1988), Kirby
(1941) and Lee et al. (19885).



Classification of protozoa

Classification schemes for organisms fulfil two func-

tions:

® A filing system from which data may be conveni-

ently retrieved.

® A means for expressing ideas about evolution.
However, because ideas about patterns of evol-

ution are always changing, classification schemes

are inevitably unstable. This is especially true at the

1 CILIATES: protists with cilia in lines (kineties) at

some stage in the life cycle. Two kinds of nuclel

Chonotrichs: ectosymbiotic ciliates with a spiral
fold of cytoplasm around the unattached end.
Spirochona.

Colpodids: mostly filter-feeding ciliates, using tightly
packed feeding cilia clustered around the
mouth. No undulating membrane. Somatic cilia
arranged in pawrs. Bursania, Colpoda, Cyrtolo-

phosis.

Cyrtophores: motile ciliates with a cluster of
strongly developed microtubular rods or nemato-
desmata, normally used for mampulating algae
or large lumps of debris into the mouth. Either
T o o oot s Pl

ydodon, Drepanomonas, Nassula, Phasco-
lodon, Pseudomicrothorax, Trithigmostoma,

Haptorids: predatory ciliates with an armoury of kil-
ling and/or holding extrusomes around the mouth
region. The mouth may be apical or arranged
along one flattened margin of the cell Amphi-
leptus, Chaenea, Didimium, Dileptus, Homalozoon,
Lacrymana, Litonotus, Loxophyilum, Monodinium,
Phialina, Spathidium, Trachelius, Trachelo-
phylium,

Karyorelicts: ciliates with non-dividing macro-
nuclel Loxodes.

Oligohymenophora: ciliates with a specialized
buccal ciliature comprising only three mem-
branelles (blocks of cilia) and an undulating
membrane. These organelles can nevertheless
be difficult to see. Mostly filter feeders, eating
bacteria. Common.

(1) Hymenostomes: oligchymenophora with
short membranelles and an undulating mem-
brane. Mouth usually small and difficult to see.
Common, especially in organically enriched
sites Cinetochilum, Colpidium, Glaucoma, Tetra-
hymena.

(1) Scuticociliates: oligohymenophora in which
the undulating membrane is typically a long and
well-developed, veil-like structure to the right of

moment for protozoa. Consequently, given below is
a short list of the major types of protozoa (along with
a few distinguishing featires), which is intended to
be asimple filing system; evolutionary relationships
are not impled. It should also be noted that some
groups appear more than once, and that included in
each group are those species that are illustrated or
mentioned in this book.

Lembadion, Pleuronema.
(ui) Pentnichs: oligophymenophora with buccal
ciliature forming one or more wreaths around the
broad anterior part of the cell Usually bell-
shaped. Mostly sessile. Astylozoon, Carchesium,
Cothurnia, Epistylis, Hastatella,Orbopercularia,
Operculana, Ophrydium, Platycola, Rhabdostyla,
Vaginicola, Vorticella.
(iv) Peniculines: oligohymenophora in which the
membranelles are drawn out as relatively el-
ongate structures. Undulating membrane weakly
developed. Usually with trichocysts and star-
shaped contractile vacuole complexes Frontonia,
Paramecium, Neobursaridium, Urocentrum.

Polyhymenophora (spirotrichs): ciliates that feed
using a band of membranelles stretching from
the antenor pole of the cell to the cytostome. The
band is called the adoral zone of membranelles
(AZM).
(1) Hypotrichs: polyhymenophora that walk on
the substrate using cirri (blocks of cilia). Usually
dorsoventrally flattened. Amphisiella, Aspidisca,
Chaetospira, Euplotes, Holosticha, Oxytricha,
Paruroleptus, Pattersoniella, Stichotricha, Stylo-
nychia, Tachysoma, Uroleptus, Urostyla.
(i) Heterotrichs: polyhymenophora that move
with somatic cilia arranged in kineties. Blephar-
isma, Brachonella, Caenomorpha, Climacost-
omum, Condylostoma, Metopus, Spirostomum,
Stentor.
(i) Oligotrichs: polyhymenophora in which the
somatic cilia are absent or reduced to a circum-
ferential band of spines. AZM is apical and well
developed. Mostly open-water organisms. Halt-
ena, Strombidium, Strobilidium, Tintinnidium.
(iv) Epalcids: polyhymenophora with a flattened
sculpted body. Somatic cilia reduced or absent.
AZM usually near the middle of the body and
reduced. Mostly from anoxic sites. Disco-
morphella, Epalxella.

Prostomes: ciliates with an apical mouth (normally
quite distensible) used mostly for ingestion of de-
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bris, detritus, damaged cells or tissue. Mostly
associated with detritus. Coleps, Mesodinium,
Urotnicha, Prorodon.

Suctoria: ciliates without cilia during the trophic
stage. This stage is usually sessile and immotile,

2 FLAGELLATES: protists with 1-8 flagella, usually
located apically or subapically. With chloroplasts or
without.

Bicosoecids: sessile cells of a single genus. Two
flagella insert anteriorly, but one is directed
backwards (recurrent) and attaches the cell
to the bottom of a vase-shaped, organic lorca.
Eat suspended bacteria. Without chloroplasts.
Bicosoeca.

Bodonids: small, biflagellated organisms. Flagella
insert subapically or laterally, with one directed
laterally or anteniorly, and one recurrent. One
genus is attached; the others usually move by
gliding or skipping. Usually eat individual adher-
ing bacteria, taken in via a discrete mouth.
Without chloroplasts. Bodo, Cephalothamnium,
Rhynchomonas.

Cercomonads: gliding flagellates with two flagella,
one of which trails on the ground, often with
cytoplasm being pulled out behind the cell, and
one active antenior one. Colourless. Feed on
bacteria by pseudopodial engulfment. Cerco-
meonas, Heteromita.

Chrysophytes = Chrysomonads: cells with two
flagella: typically, one is short and flaccid, and
the other is longer. Either with chloroplasts
(golden) or without, capable of phagocytosis or
not, with or without a layer of surrounding siliceous
plates, sessile or motile, and solitary or colonial
Anthophysa, Chrysamoeba, Chrysosphaerella,
Dendromonas, Dinobryon, Mallomonas, Ochro-
monas, Paraphysomonas, Poterioochromonas,
Spumella, Syncrypta, Synura, Uroglena.

Collar flagellates: with single apical flagellum,
around which lhes a collar comprised of fine
cytoplasmic ‘fingers'. Mostly sessile. May be sol-
itary or colonial, naked or loricated. Without
chloroplasts. Eat by filtering suspended bactena
or other small particles. Codonosiga, Diploeca,
Diplosigopsis, Monosiga, Pachysoeca, Sphaer-

oeca.

Cryptophytes = Cryptomonads: rigid cells with
two flagella arising within an anterior depres-
sion. The depression is lined with ejectisomes.
Either with chloroplasts (off-green, orange, blue-
green, red) or colourless (in which case osmo-
trophic). Chilomonas, Cryptomonas, Cyanomonas,
Goniomonas.

Dinoflagellates: rigid cells with two flagella: one
passes horizontally around the body, usually in a

Euglenids: small to medium-sized cells with (usu-

Heterolobosea: protists with an amoeboid and a

Othenrs: there are about 70 genera of heterotrophic

Pedinellids: cells with a single apical flagellum

Pelobionts: amoeboid cells, usually with a single,

Phalansteriids: flagellates with a single flagellum

and feeding is by means of one or many radiating
arms (= mouths), each of which is equipped with
holding extrusomes at its tip, Acineta, Dendro-
cometes, Podophrya, Tokophrya, Trichophrya.

groove; the other passes longitudinally, often
trailing behind the cell Rounded. May occasion-
ally be. drawn out into spines. With (orange or
off-green) chloroplasts or without. Colourless
species are osmotrophic, consume detritus, or
prey on other protists. Gymnodinium, Gyro-
dinium, Ceratium, Amphidinium, Peridinium.
cells with two nuclei and two
clusters of four flagella, each arising at the head
of a longitudinal groove, with some flagella pro-
jecting laterally and others trailing behind. Usu-
ally from anoxic or organically enriched sites
Without chloroplasts. Osmotrophic or eating
bactena. Trepomonas, Hexamita,

ally) two flagella arising in an anterior flagellar
pocket, both, one or none of which may emerge.
Move by swimming or gliding, or squirming. Body
may be pliable. Some with ingestion apparatus
Eat bacteria, detritus or other protists. Some have
one or more bright green (chlorophyll b present)
chloroplasts. Anisonema, Astasia, Entosiphon,
Euglena, Heteronema, Menoidium, Notosolenus,
Peranema, Petalomonas, Phacus Trachelomonas
Urceolus.

flagellated stage in the life cycle. The flagellated
stage has two or four flagella, a flexible body, and
usually does not eat. Includes facultative path-
ogens. Naegleria.

flagellates that cannot be confidently assigned to
any of the groups of flagellates listed in this Guide
(Patterson and Larsen, 1991). They include
Artodiscus, Clautriavia, Helkesimastix, Kathabl-
epharis, and Multicika. In addition, oomycete
fungi, protostelid and eumycetozoan (e.g. Cer-
atiomyxa) slime moulds, and desmothoracid heli-
ozoa (among others) produce flagellated or-

ganisms as part of their life cycle.

Usually with a stalk, although they may swim trail-
ing the stalk behind. When sessile, the flagellum
is surrounded by a small number of discrete
arms which may be used to intercept particles
food. Actinomonas, Ptenidomonas, Ciliophrys.

relatively long, stiff flagellum. From anoxic sites.
Mastigamoeba, Mastigella, Pelomyxa.



- that has a tight basal collar. Live in colonies sup-
w by globular mucus. Eat bactena. Phalan-

stenum.

Pseundodendromonads: Biflagellated cells. The two
similar flagella are located at one edge of flat-
tened triangular cells, One genus colonial, sup-
ported on a stiff, dichotomously branching stalk
system. Eat bacteria and other small suspended
particles. Pseudodendromonas.

Spongomonads: biflagellated cells living in col-

3 AMOEBAE: traditionally, organisms that move
and/or feed using temporary extensions of the
cell body (pseudopodia). Usually include star-like
protists with stiffened pseudopodia (the heliozoa),
and rhizopod amoebae, which produce short-
lived pseudopodia.

Actinophryid: heliozoan body form. Arms taper
from base to tip. Two genera only: one has a
single central nucleus; the other has a layer of
nuclel underlying a layer of vacuoles. Actino-
phrys, Actinosphaerium.

Centrohelid: heliozoan body form. Arms are rel-
atively thin and do not taper. Extrusomes prom-
ment. Microtubular supports terminate on a cen-
tral granule. With or without a layer of scales or
spines on the body surface. Acanthocystis,
Chlamydaster, Heterophrys Oxnerella, Raphido-
cystis, Raphidiophrys.

sessile, heliozoan-like cells liv-
ing within a perforated lorica, out of which the
arms project. With a conventional amoeboid and
flagellated stage in the life cycle. Clathrulina,
Hedriocystis.

Diplophryids: cell body enclosed in a delicate or-
ganic shell. With two tufts of fine psendopodia
emerging from opposing ends of the cell, and
with one or more large orange lipid droplets.
From organically enriched sites. Diplophrys.

Euamoebae: rhizopod amoebae with one or more
broad pseudopodia, and without a firm shell.
May have short, stubby, filose subpseudopodia
emerging from a larger pseudopodial region.
Pseudopodia usually develop either gradually
(progressive) or suddenly (eruptive). Some
species have a flagellated stage; others are fac-
ultative pathogens. Acanthamoeba, Amoeba,
Astramoeba, Cashia, Chaos, Cochliopodium,
Hartmanella, Mayorella, Saccamoeba, Theca-
moeba, Vannella.

Heterolobosea: protists with amoeboid and flag-
ellated forms. Amoebae usually small (less than

onies supported by globules of mucus. Rhipido-
dendron, Spongomonas.

Volvocales: flagellates with two or four apical fla-

gella. Most species have a bright green chioro-
plast containing chlorophyll b. With rigid cellulo-
sic wall Often forming rounded, swimming
colomes. Brachiomonas, Carteria, Chlamydo-
monas, Chlorogonium, Eudonna, Gonium, Haemato-
coccus, Pandornina, Polytoma, Polytomella, Volvox.

50 um), with eruptive bulging of the pseudo-
podia. Includes facultative pathogens. Naegleria.

Leptomyxids: naked amoeboid organism, with

Cytoplasm forming anastomosing channels. Lepto-

myxa.
Nncmnﬂmuomm:mthunnpseudo-

podia, usually arising at any part of the body. Flat-
tened or spherical. Naked or with mucus sheath,
or with adhering siliceous particles. No ex-
trusomes (or extrusome-like granules) on the
pseudopodia. Nuclearia, Pompholyxophrys, Pin-
aciophora.

Others: there are numerous amoeboid organisms

that have yet to be properly described. Those
least studied have very thin pseudopodia, either
bearing extrusomes (Gymnophrys, Biomyxa,
Microcometes, Reticulomyxa) or smooth (Be-
lonocystis, Elaeorhanis). Some large, shelled
species (Allelogromia, Gromia, Lieberkuhnia)
may be related to marine foraminifera and are in
need of further study.

Pelobionts: typically amoeboid organisms with a

single long flagellum. However, in one genus
(Pelomyxa) the flagella are very difficult to see
and so this genus has usually been described as
an amoeba. Mastigamoeba, Mastigella, Pelomyxa.

Testate amoebae: amoeboid organisms with a shell

of organic matter, or adhering particles around
the body. Pseudopodia emerge from one or two
apertures. Either with filose pseudopodia (Amphi-
trema, Assulina, Cyphoderia, Euglypha, Tri-
nema) or with lobose pseudopodia (Arcella,
eskodBariy ‘ R e
Lecquereusia, Nebela, Quadrulells).

Vampyrellids: flattened amoeboid organisms with

cell margins giving rise to numerous very deli-
cate pseudopodia. Often eat algae or fungi, and
often orange in colour, with a granular texture to
the cytoplasm. Arachnula, Vampyrella
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4 NON-PROTOZOAN TAXA INCLUDED:

Algae: protists with chloroplasts. Only those
without flagella are included here; the remainder
are listed under Flagellates' (above). Mostly uni-
cellular organisms are included here, but many
algae are multicellular.

(1) Diatoms: with a siliceous wall and orange or
golden chloroplasts. Filamentous or solitary,
motile or immotile, centric (pill-box shape) or
pennate (cell with discrete poles). Melosira,
Navicula, Nitzschia, Pinnulania, Stephanodiscus,
Tabellana.

(it) Green algae (Chlorophyta): cells with cel-
lulosic cells walls and bright green (chlorophyll
b) chloroplasts. With a rich variety of shapes (e.q.
coccoid and filamentous). Closterium, Eurast-
rum, Hyalotheca, Micractinium, Micrasterias,
Mougeotia, Spirogyra, Spondylosium.

Prokaryotes: (bacteria). Without internal or-
ganelles, but may have inclusions. Typically with
one dimension restricted to about 1 um. Usually
distinguished by colour (e.g. blue-green algae),
form or metabolic pathways (e.g. spiral, coccoid,
filamentous, red sulphur, etc.).

Blue-green algae: (cyanobactena). Prokaryotic or-
ganisms carrying out photosynthesis. Either sol-
itary cells or filamentous - the latter are more
obvious. A type of bacterium, but forms an eco-
logically distinct group. Some are endosymbionts

In protists. Oscillatornia.

Metazoa: organisms with many cells which are
arranged in epithelia (layers attached to collagi-
nous sheets). Different cells may have different
functions.

(1) Gastrotrichs: pliable bodies, usually with loco-
motor cilia, a mouth that opens anteriorly, and two
postenor adhesive structures. Chaetonotus.

(1i) Rotifers: cilia usually reduced to two anterior
clusters used for feeding. Body surface rigid
and normally made of articulating elements
Usually has a mastax located near the anterior
end of the digestive system, and two posterior
adhesive structures. Polyarthra, Squatinella.

(u1) Nematodes: elongate stiff bodies that are
rounded in cross section. Move by writhing or
serpentine gliding through the substrate
Typically with a muscular pharynx near the
front end.

(iv) Flatworms: very pliable bodies. Move using
a combination of muscular activity and the
ciia which cover the entire body. Typically
with a muscular pharynx opening on the ventral
surface, away from the anterior end of the cell

(v) Tardigrades: rigid bodies with an exo-
skeleton made of a number of articulating el-
ements. With eight stubby legs ending in
claws. Macrobiotus.

How to use the key

What follows is a simple, dichotomous key. At any
given step (e.g. Step 1) you are presented with a
pair of options (A and B). Decide which statement
best fits the organism you are looking at. Atthe end
of the option, you are advised to go to another step.
There you repeat the process, continuing until you
are provided with a generic name instead of being
directed to another step. An illustration is provided
so that you can check whether you have the correct
organism.

Unfamiliar objects can only be understood with
the acquisition of new concepts and new terms.
Thus, successful use of the key will involve a learn-
ing process and necessitate effort from the user.
The key is followed by a glossary to ease the pro-
cess.

The key makes little provision for cells which are

damaged, for example, through being squashed. You
should therefore try to find several individuals of
each species, and it should then be possible to distin-
guish normal features (present in all cells) from
those which are abnormal (peculianties of individual
cells). A good example of the need for careful ob-
servation occurs where the key asks if the cells
swim or ghide. If one cell only was observed, and
this has been compressed, such a question cannot
be answered reliably.

This key does not claim to be comprehensive.
You may encounter organisms that are not included.
The drawings, which have been simplified for
clarity, may generalize the characteristics of a
genus. However, the true appearance of organisms
will be evident from the photographs.




The Key

The purpose of this first step is to draw attention to those protozoa that do not have the obvious
characteristics of flagellates, ciliates, or amoebae, and to certain other organisms that may be
confused with protozoa.

A Unicellular organisms with nuclei, that move or feed using flagella (flagellates), cilia (ciliates)
or pseudopodia (amoebae). They may occur singly or in colonies; they may swim freely, glide in
contact with a substrate, or be sedentary; they may be housed in a lorica (test or shell), clothed in
scales or other adhering matter, or be naked; they may or may not be coloured. Most are
5-1000 um in length. PROTOZOA. Some basic types are illustrated in Figs. 1-3.
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Protozoa are divided into three major morphologi-
cal types: flagellates (Step 2), amoebae (Step 72)
and ciliates (Step 116). All protozoa that move ac-
tively, or that create currents of water while feeding,
do so with cilia or flagella. These are virtually the
only actively moving organelles to be found in
eukaryotic cells. Cilia and flagella are difficult to
see, especially if only bright-field optics are avail-
able (see methods, p. 13). Flagella are as long as or
longer than the length of the cell and are few (eight
or fewer) in number. Cilia are more numerous and
relatively short.

Amoebae move or feed by means of temporary
extensions of the cell surface (pseudopodia) (Figs
1(@)~(D & 139). Pseudopodia may also be produced
by some flagellates, usually when feeding. Certain
ciliates may appear amoeboid as they squeeze
through small spaces, so care is needed to distin-
guish flexibility from the capacity to produce

pseudopodia. Protozoa squashed under a coverslip
may become distorted; again care must be taken
not to mistake the distortion for pseudopodia.

Protozoa that are not very motile may easily be
overlooked. Some amoebae, especially those that
are shelled (testate or loricated), withdraw their
pseudopodia. Naked amoebae may adopt a radiate
floating form (Fig. 142) if disturbed. Heliozoa (Figs
1(e) & (f), Step 187) have stiff radiating arms and
often appear inactive, although, in fact, they move
very slowly. Trophic suctoria (Fig. 3(d), Step 195)
are attached. They are a kind of ciliate, have stiff
arms and do not move at all.

General guides to protozoa include Sleigh (1989),
Lee et al. (1985), Margulis et al. (1990), Kudo (1966),
Streble and Krauter (1981), and Crassé (1952, 1953,
1984). For guidance on the ecological literature, see
Finlay and Ochsenbein-Gattlen (1982) and Fenchel
(1987).

B Small organisms that move around, but cannot be confidently assigned to any of the types in Figs 1-3.

A variety of non-protozoan organisms are about the
same size as protozoa (5-1000 ym) and can easily
be confused with them. Except for unicellular algae
that are related to protozoa, most are not keyed out
here. Organisms that may cause confusion include
prokaryotes (bacteria and blue-green algae) and
eukaryotes. Eukaryotes can be distinguished by
discrete compartments (e.g. nuclei, chloroplasts,
vacuoles) inside the cytoplasm. If coloured and
gliding, the organisms are most likely to be pro-
karyotic blue-green algae (Fig. 4), or pennate or
filamentous diatoms (Figs 5, 6, 7). Barely motile and
non-motile algae include centric diatoms (Fig. 8),
desmids (Figs 9, 10 & 11), and some coccoid eukary-
otic green algae (Fig. 12). Non-green gliding or-
ganisms include sulphur bacteria, often with pink,
refractile inclusions (Fig. 13). Smaller metazoa (ani-
mals, Fig. 14) with cilia, such as rotifers (Fig. 138),

gastrotrichs (Fig. 16) and flatworms (Fig. 17) may be
confused with ciliates. Most can be distinguished
from protozoa because they have a discrete gut or
muscular pharynx. Other small metazoa include the
nematodes (Fig. 18) and tardigrades (Fig. 19).
Further information on these groups may be found in
the following general accounts: Streble and Krauter
(1981), Ward and Whipple (Edmonson, 1969), and
Pennak (1989), for bactena, protists and small in-
vertebrates; bacteria are reviewed by Starr et al.
(1981) and Holt (1984-1989); blue-green algae are
discussed in Bourrelly (1970), and diatoms in Barber
and Haworth (1981) and Round et al. (1990). Sims
(1980a & b, 1988) and Kerrich et al. (1978) review the
available invertebrate identification guides.
Specific accounts of rotifers are found in Pontin
(1978), and flatworms in Young (1970, 1972).




Protozoa are divided into three major morphologi-
cal types: flagellates (Step 2), amoebae (Step 72)
and ciliates (Step 116). All protozoa that move ac-
tively, or that create currents of water while feeding,
do so with cilia or flagella. These are virtually the
only actively moving organelles to be found in
eukaryotic cells Cilia and flagella are difficult to
see, especially if only bright-field optics are avail-
able (see methods, p. 13). Flagella are as long as or
longer than the length of the cell and are few (eight
or fewer) in number. Cilia are more numerous and
relatively short.

Amoebae move or feed by means of temporary
extensions of the cell surface (pseudopodia) (Figs
1(@)~(f) & 139). Pseudopodia may also be produced
by some flagellates, usually when feeding. Certain
ciliates may appear amoeboid as they squeeze
through small spaces, so care is needed to distin-
guish flexibility from the capacity to produce

pseudopodia. Protozoa squashed under a coverslip
may become distorted; again care must be taken

“not to mistake the distortion for pseudopodia.

Protozoa that are not very motile may easily be
overlooked. Some amoebae, especially those that
are shelled (testate or loricated), withdraw their
pseudopodia. Naked amoebae may adopt a radiate
floating form (Fig. 142) if disturbed. Heliozoa (Figs
1(e) & (f), Step 187) have stiff radiating arms and
often appear nactive, although, in fact, they move
very slowly. Trophic suctoria (Fig. 3(d), Step 195)
are attached. They are a kind of ciliate, have stiff
arms and do not move at all

General guides to protozoa include Sleigh (1989),
Lee et al. (1985), Margulis et al. (1990), Kudo (1966),
Streble and Krauter (1981), and Grassé (1952, 1953,
1984). For guidance on the ecological literature, see
Finlay and Ochsenbein-Gattlen (1982) and Fenchel
(1987).

B Small organisms that move around, but cannot be confidently assigned to any of the types in Figs 1-3.

A variety of non-protozoan organisms are about the
same size as protozoa (5-1000 um) and can easily
be confused with them. Except for unicellular algae

' that are related to protozoa, most are not keyed out

here. Organisms that may cause confusion include
prokaryotes (bacteria and blue-green algae) and
eukaryotes. Eukaryotes can be distinguished by
discrete compartments (e.g. nuclei, chloroplasts,
vacuoles) inside the cytoplasm. If coloured and
gliding, the organisms are most likely to be pro-
karyotic blue-green algae (Fig. 4), or pennate or
filamentous diatoms (Figs 5, 6, 7). Barely motile and
non-motile algae include centric diatoms (Fig. 8),
desmids (Figs 9, 10 & 11), and some coccoid eukary-

“otic green algae (Fig. 12). Non-green gliding or-

ganisms include sulphur bacteria, often with pink,
refractile inclusions (Fig. 13). Smaller metazoa (ani-
mals, Fig. 14) with cilia, such as rotifers (Fig. 18),

gastrotrichs (Fig. 16) and flatworms (Fig. 17) may be
confused with ciliates. Most can be distinguished
from protozoa because they have a discrete gut or
muscular pharynx. Other small metazoa include the
nematodes (Fig. 18) and tardigrades (Fig. 19).
Further information on these groups may be found in
the following general accounts: Streble and Krauter
(1981), Ward and Whipple (Edmonson, 1969), and
Pennak (1989), for bacteria, protists and small in-
vertebrates; bacteria are reviewed by Starr et al.
(1981) and Holt (1984-1989); blue-green algae are
discussed in Bourrelly (1970), and diatoms in Barber
and Haworth (1981) and Round et al. (1990). Sims
(1980a & b, 1988) and Kerrich et al. (1978) review the
available invertebrate identification guides.
Specific accounts of rotifers are found in Pontin
(1978), and flatworms in Young (1970, 1972).
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ALL SCALE BARS 20 um UNLESS OTHERWISE INDICATED

Figure 4 Oscillatonia. A filamentous blue-green alga or
cyanobacterium. Photosynthetic pigments include phyco-
bilins, which give these prokaryotic organisms their char-
acteristic bluish tinge. As bactena, these algae have no
internal organelles. The filaments are comprised of many
disc-shaped cells joined end to end. The cells can ghde
Some filamentous blue-green algae have occasional
swollen cells. called heterocysts. Differential interference
contrast

Figure 8 Pennate diatoms This photograph shows a
number of species (see also Fig 6). Diatoms have chloro-
plasts with chlorophyils a and ¢, giving them a golden
oolour. The most numerous organism (1) in this photograph
is Naviculs, and the smallest one is Nitzschia (2). The
majority of pennate diatoms associated with soft sediments
adopt this boat shape and have thin grooves (raphes) running
down the centres of the flat faces of the shell or frustule.
They are typically motile. A non-motife pennate diatom is
lustrated in Fig 7. Phase contrast

Figure 6 Pinnulania. A pennate diatom. Diatoms like this”

(see also Fig. 5) are common in soft sediments. They have
golden chioroplasts (1). The cells are enclosed within a
siliceous shell or frustule, which is sculpted with ndges,
grooves, and lines or holes. These appear as striae (2). The
raphe (3) is involved in motion, as these cells can glde
slowly across the substrate. Also evident are ol droplets (4),
which are used as an energy reserve, and the central
region houses the nucleus (5). Phase contrast

Figure 7 Tabellaria. A colonial diatom with a sculpted (sil-
iceous) cell wall (1). The enclosed golden chlcroplast (2)
belies the presence of chlorophylls a and ¢. The cells are
joined together at their corners and are usually planktonic
Phase contrast.




Figure 8 Stephanodiscus. A planktonic centric diatom. The
cells are solitary, and have a pillbox-like appearance. The
lower cell is seen from the side, the upper cell from end on
The margins of the valves give rise to long organic hairs (1)

These may reduce sinking rates, thereby minimizing the
demands on the energy budget from the flotation system.
The upper cell is parasitized by a number of chytrids (2),
flageliates that are related to the true fungl Phase contrast

Figure 9 Eurastrum (1) and Micrastenas (2). Creen algae
Like other chiorophytes, they have a ngid external wall
made of cellulose, and bright green chloroplasts which
contain chlorophyll b. These desmids have no flagella, but
are capable of a very slow movement They are the same
size as many motile protists, and are often encountered
using the sampling and observation techniques employed
for protozoa. Most desmids look like two mirror-image cells
joined together, Differential interference contrast (Photo

Helge Thomsen.)

Figure 10 Clostenium. These crescent-shaped cells are de-
smids (see also Fig 9). Desmids are a type of green (chloro-
phyte) alga, sharing with other green algae the presence of
an external cellulosic cell wall and chloroplasts with chloro-
phyll b, Like most desmids, they look as if two mirror-image
cells are joined together. They may move very slowly

Some pennate diatoms can be seen in the background
Differential interference contrast, (Photo Helge Thomsen.)
(Scale bar 100 um.)

Figure 11 Filamentous algae. This photograph is included
to illustrate some of the genera of green algae (chlorophyll
b and cellulosic cell walls) that adopt filamentous strategies.
The central, short filament of dumbbell-shaped cells (1) isa
desmid (see Figs 9 & 10) called Spondylosium. Above itisa
green filament (2) called Hyalotheca, enclosed in a thick
transparent sheath Towards the bottom is a filament of
Mougeotia (3), the filaments of which pair up for conjugation
(as do those of Spirogyra) to give a widely spaced criss-
cross appearance. Phase contrast,




Figure 12 Micractinium. A plankionic green alga. Like
other green algae, they are bright green because they have
chioroplasts that contain chlorophyll b. They have cel-
lulosic cell walls. The cells are not flagellated and are
non-motile. The walls are drawn out as long threads, as is
often the case with plankionic protists (see Fig. 8) This
organism 1s included because confusion with heliozoa is
possible, Phase contrast
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Figure 13 Filamentous bacteria Included are a motile, flex-
ible, spiral bacterium (1), some colourless rod bactena (2)
and two kinds of filamentous sulphur bacteria (3 & 4). The
sulphur bactena are distinguished by the presence of re-
fractile granules of sulphur that have been deposited within
the cells. These organisms live in environments that contain
free hydrogen sulphide (gnfelling like bad eggs), which
they oxidize to produce elemental sulphur. The sulphur is
deposited within the body. Filamentous sulphur bacteria
can usually glide. A pennate chatom (5) 15 present. Phase
contrast
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Figure 14 Some types of metazoa (animals) which may be
under | mm in length and which may be confused with
protozoa: (a) gastrotrich; (b) flatworm (platyhelminth); (c)
nematode; and (d) rotifer

Figure 16 Rotfer. Rotfers are metazoa and are often in the
same size range as cihiates, with which they may compete.
Rotifers have anterior aggregates of cilia, used in the collec-
tion of food; the food is then passed into the gut via two stout
grinding plates called the mastax Most rotifers have a
posterior adhesive podite (2). The genus illustrated (Squat-
inella) s planktonic. The anterior end of the cell is atypically
developed into a shield-like structure (1) Phase contrast
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Figure 16 Gastrotnch. Gastrotrichs are a group of poorly
understood metazoa. Most freshwater species are very
small. Their size range overlaps that of ciliates, with which
they can be confused because of the cilia and spines (1)
Gastrotrichs can be distinguished by the two adhesive
structures at the posterior end of the cell (2) and by the
presence of a discrete pharynx (3). They usually glide
rather than swim. Phase contrast,

Figure 17 Flatworm (Platyhelminth). The flatworms re-
semble some ciliates in that they have pliable bodiesand a
surface coating of cilia. It can sometimes be difficult 1o
distinguish these metazoa from ciliates as they may be in the
same size range and because the boundaries between the
componen! cells are usually not easy to see. Flatworms
rarely swim, tending to glide against the substrate, The
presence of a discrete pharynx (1), eyes (2), gut (3). other
internal organs (4, 5), or muscular writhing of the body helps

0 distinguish these organisms as metazoa Bright field
(Scale bar 100 ym.)

Figure 18 Nematode. Nematodes are extremely common
and widespread metazoa. Most nematodes have a long thin
shape and a slightly blunt antenior end (1). They are rather
stiff, and can move either by writhing (lashing) or by gliding
through the substrate. At higher magnifications, a strong
muscular pharynx can be seen near the front, and egg-
bearing ovanes near the back end (2) Phase contrast
(Scale bar 100 ym.)
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Figure 19 Tardigrade Tardigrades (or water bears) are
charactenstic of temporary puddles, mosses, etc (they
have remarkable abilities to withstand desiccation). Tardi-
grades are metazoa that overlap in size with protozoa, but
they are easy to distinguish from the protozoa. Tubular
pharynx (1), stylus (2). sucking pharynx (3), eyespot (4),
claws (5), intestine (8), claw muscles (7), cloaca (8). Dif-
ferental interference contrast,




A Cellswith flagella.

Flagella are usually parallel-sided structures, about
0.5 pm in diameter, which emerge near or at the
anterior of the cell, do not change length and move
actively. One or two are usually visible, but some-
times there may be four or more (Fig. 2), Normally at
least one 1s as long as the cell, typical lengths being
5-20 um). They may beat with a sine wave, in
breaststroke fashion, or be held stiffly, sometimes
only moving at the tip. Actively beating flagella
often move too fast for the eye to see clearly, and
only the envelope of the beating pattern can be
seen. In gliding flagellates, the flagella may be
atypically thick, and adhere to the ground. If there is
more than one flagellum, they may be unequal in

B Cells without flagella.

This step leads to the ciliates (Fig. 3, Step 116) (with
cilia, more numerous and shorter than flagella),
amoebae (Fig. 1, Step 72), suctona (Fig. 3(d), Step
196) or heliozoa (Figs 1(e) & (f), Step 188). Some
types of flagellate shed their flagella if squashed

THE FLAGELLATES GO TO 3

length, and extend forwards, sideways or back-
wards, sometimes trailing along the ground

Some flagellates can produce pseudopodia, usu-
ally in order to ingest particles of food. Flagellates
with chloroplasts are usually called algae and Bour-
relly (1968, 1972, 1985) provides comprehensive
guides to the pigmented flagellates and to some
groups of colourless ones. All genera of free-living
heterotrophic flagellates are reviewed in Patterson
and Larsen (1991), and briefer accounts may be
found in Hénel (1979), Starmach (1980) or Larsen
and Patterson (1990). Prescott (1978) deals more ex-
clusively with algal flagellates.

GO TO 72
badly or disturbed. This particularly applies to dino-
flagellates (Step 67) and euglenids (Step 61). Some

euglenids, typically from sediments, live without
flagella (and are not keyed out here).

A Cellsthatare attached firmly to the substrate, usually by a stalk, and do not easily detach. GOTO4

Most flagellates in this category are colourless, and
may either be solitary or live in colonies. Most of the
attached flagellates eat bacteria, 1.e. they are bac-
terivorous. Some flagellates do not secrete a stalk,
but attach themselves temporarily to the substrate,
using the posterior of the cell, e.q. Ochromonas

(Step 68), Paraphysomonas and Spumella (Step 50).
In these organisms, the body may be drawnoutasa
fine thread because of the pull from the flagellum.
Some species, e.g. Bodo saltans (Pleuromonas jacu-
lans), attach temporarily by one flagellum. These
flagellates key out as motile or attached organisms.

B Flagellated cells that move freely through the fluid or glide over the substrate. They may sometimes

adhere to a surface, but easily detach from t.

This step leads to algal (with plastids) and protozoan
flagellates. However, flagellated swarmers of some

GOTO 19

fungi, slime moulds (Fig. 20), and amoebae may also
be encountered.
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Figure 20 Ceratiomyxa swarmers Ceratiomyxa is a slime
mould, the trophic stage of which is amoeboid (plasmodial).
The organism also produces aggregates of cysts on the tip
of a stalk, a trait not dissimilar to that of some fungi; it is from
this similarity that the term ‘mould' derives However, the
organisms are capable of transforming into flagellated
‘swarmers’ which have 14 flagella (1). Both cells illustrated
have a single flagellum; this inserts at the apex of the cell
and appears attached to the nucleus (2). Food vacuoles (3)
contain bacteria, indicating that the swarmers feed The
contractile vacuole complex (4) usually occurs at the post-
ernior end of the cell This has been included to show that
protozoan-like cells may simply be one stage in the life
cycle of another organism. These swarmers are most likely
to be confused with some mastigamoebae (see Fig. 86).
Phase contrast,

A Cells that occur singly or in irregular groups.

Solitary flagellates, if grouped together, may be dis-
tinguished from colonial species because they are
rot joined by common stalks, common lorica (test or

B Cellslivingin colonies.

A Cells without chloroplasts.

B Cellswith chloroplasts.

The chloroplasts of most groups of algae have a dis-
tinctive colour because of the combination of photo-
synthetic pigments. Colour can aid identification.
Common colours are: bright green (chlorophyll b)
(volvocids and euglenids); or golden or off-green
(chrysophytes, cryptophytes and dinoflagellates)
(see Figs 59, 119, 126, 129 & 132 for a comparison of
these colours). Among other coloured inclusions
are: eyespots or stigmata (usually red or orange);
endosymbiotic algae (green or blue-green), or partly

GOTOS

shell) matenal or common cytoplasm, and do not
form regular arrays. Note that new colonies of many
colonial species are started with single cells.

GO TO 12

GOTO7?

GOTO6

digested residues of food. A common problem with
some microscopes is chromatic aberration, as a result
of which refractile particles may appear to be
green. This is more evident if the condenser iris is
closed or the condenser lowered. To establish
whether coloration is natural, the microscope should
be set up for optimal illumination (see Introduction),
and all irises opened. Chromatic aberration will
then be minimal and, if present, photosynthetic pig-
ments only will be seen.



A Cells with aring of fine stiff tentacles around the single anterior flagellum. The flagellum beats with a
sine wave in a single plane. ltdrawsacunemofwmmmsthemmhodenddthecan.Withathm
stalk, and six golden chloroplasts. Mostly 10-20 um. 'Fig. 21 PSEUDOPEDINELLA

There are several genera of pedinellids with chlor- When swimming, or if shocked, the arms may be
oplasts (Bourrelly, 1968; Zimmermann et al. 1984). withdrawn. For colourless relatives, see Step 8. Usu-
Most are encountered swimming in large arcs. ally allied with the chrysophytes.

B Cells with one or two chloroplasts and two flagella. One flagellum is long and held in a slight arc; the
second may be difficult to see as it is short and curves back over the cell. Mostly under 10 pum.
Fig. 22 POTERIOOCHROMONAS
OCHROSTYLON (not illustrated)

This step leads to sessile chrysophytes with golden
or off-green chloroplasts. For a more complete ac-
count of these organisms see Bourrelly (1968) or
Starmach (1985). Poterioochromonas is attached to
the substrate by a delicate secreted lorica; Ochro-
stylon by a thin thread drawn out from the posterior
of the body.

Chrysophytes include some species with chloro-
plasts, and some without. The group gets its name
from the golden colour of the photosynthetic pig-
ments. If plastids are present, they frequently occur
singly or in pairs (Fig. 23). There is usually a small
stigma or eyespot in one plastid, although it may be
very difficult to see. Many species, including those
with plastids, can ingest particles of food, i.e. they
are mixotrophic (see Sanders in Patterson and
Larsen, 1991). Chrysophytes include species that
are colonial (e.g. Figs 24 & 46), solitary (e.g. Figs 22
& 28), with plastids (Figs 23 & 52) or without (Figs 47
& 101). They are related to diatoms (Figs 6-9),
oomycete fungi, bicosoecids (Fig. 32) and brown
algae (see Creen et al., 1989). 22

Chrysophytes have a long and a short (sometimes
absent) flagellum: the long flagellum bears stiff hairs
which are invisible by light microscopy. The action
of this flagellum draws a current of water towards - .
the body surface. Most species are small (5-10 um
long). Many form flask-shaped siliceous cysts with a
small pore for egress (stomatocysts: Fig. 24). Some
swimming species (e.g. of Paraphysomonas, Figs 28 '

& 101) temporarily attach to the substrate. X
Cuides to genera and species may be found in \
Bourrelly (1968), Starmach (1980), and Patterson |
and Larsen{1991) The general biology is discussed I
by Green et al. (1989) and in Patterson and Larsen

(1981). ’&’_,-
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Figure 23 Poterioochromonas. A chrysophyte (chryso-
monad), most of which are, like this species very small The
cells have two flagella which insert near the apex One
flagellum is relatively long (1), but the other is much shorter
(2) and tends to flop back over the body. The beating of the
flagellum draws a current of water along it towards the cell
The cell contains a single, curved, golden or orange
(chryso = golden) chloroplast (3) Most species in this
genus are mixotrophic, eating bacteria as well as carrying
out photosynthesis; the presence of food vacuoles contain-
ing bacteria (4) is evidence of this. Potenoochromonas is
very like Ochromonas, but differs in its ability to form a very
delicate, long, stalked, eggcup-like lorica (5), in which the
cells usually sit- Phase contrast.

Figure 24 Dinobryon. A colonial chrysophyte. Each cell
has two flagella, of which one is short and one long (1). Near
the anterior margin of this cell is a dark, refractile droplet,
the stigma or eyespot. The cells have golden chloroplasts
and hive within vase-shaped organic lorica (2), attached to
each other to give the fan shape to the colonies When
conditions are no longer ideal the cells encyst within a
siliceous stomatocyst (3), which has a plugged aperture for
excystment Attached to this colony are a number of small
colourless chrysophytes (4). Differential interference con-
trast.

A Cells without evident covering. GO TO8

B Cells mostly enclosed with a covering (lorica or test). GOTO10

A Cellsthatattach to the substrate by one flagellum, 25
and are easily distinguished by their characteristic
flicking movements when attached. They may detach
and swim. 5-10 umlong.
Figs 25 & 69 BODO SALTANS
(PLEUROMONAS JACULANS)

Bodo saltans (= Pleuromonas jaculans) is a bodonid
(Step 27). There is some debate as to which is the
correct name for this organism. B. saltans, which has
been described in detail by Brooker (1971), feeds
on suspended bacteria, using the shorter anterior
flagellum. The attachment structure may be identi-
fied as a flagellum because it is motile, and because
careful scrutiny will reveal that it is inserted along-
side the second shorter flagellum. e
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B Cells notattached by flagella and without the kicking movement. ' GOTO9

A Cells with one flagellum at the unattached end, a delicate cytoplasmic stalk for attachment to the
substrate, and a number of fine arms extending from the cell. Figs 26 &27 ACTINOMONAS

Actinomonas is the most common colourless pedi-
nellid (Step 6) found in fresh water. The arms may
be withdrawn under some circumstances and the
cells may detach to swim in wide arcs. Members of
the genus Actinomonas may have arms projecting
from all parts of the cell (Larsen, 1985). The body
measures 5-20 um in diameter. A second genus,
Pteridomonas, has arms only around the flagellum,
and 1s more common in marine sites (Larsen and
Patterson, 1990; Patterson and Fenchel, 1985). Para-
physomonas vestita (Figs 28 & 101) is a chrysophyte
coated with a layer of spines. It may sometimes
attach to the substrate, and can be distinguished
from pedinellids because it has two flagella of un-
equal length.

Figure 27 Actinomonas. The cell body (1) is pomiform
(apple-shaped). From the posterior end emerges a stalk (2)
with which the cell may attach temporarily to the substrate.
More usually, it will swim in lazy circles, with the stalk
trailing behind. A single flagellum (4), beating with a planar
sine wave, emerges at the antenior end of the cell Around
this project stiff arms (3) which bear small granules (ex-
trusomes). The cells are filter feeders, drawing a current of
water through the arms. Particles are then trapped against
the arms, probably by secretions released from the ex-
trusomes. The arms are withdrawn when the cells are
swimming. Phase contrast.

ALL SCALE BARS 20 um UNLESS OTHERWISE INDICATED




Figure 28 Paraphysomonas, This is an extremely common
and widespread genus of chrysophyte/chrysomonad. Most |
chrysophytes have plastids (chloroplasts) and photo-
synthesize, yet they can also phagocytose small particles
However, this genus is colourless and is exclusively a
phagotroph. It is a voracious consumer of bacteria and other
small particles, Like most chrysophytes, it hasa long (1) and
a short (2) flagellum. The body of the cell is coated with very
delicate spicules (cf Fig. 101). This genus may or may not
form stalks (3). Phase contrast

B Cells with a single apical flagellum surrounded by a fine cytoplasmic collar (collar flagellates). The
flagellum draws a current of water through the collar from its base towards its apex. Mostly under 10 um

long. Figs 29(a) & (b) & 30 MONOSIGA

Figures 2%a) & (b) Monosiga. Two wiews of this solitary
collar flagellate. Species may or may not have a stalk (1) at
one apex, with which they attach to the substrate. At the
other apex of the cell is a single flagellum (2) which beats
with a sine wave In a single plane. The beat draws a current

of water through the collar (4), which is composed of many
fine cytoplasmic fingers. The individual fingers are usually
not visible, and the collar is normally only seen in profile, as
two extensions (3), one on either side of the flagellum. Phase
contrast.




Collar flagellates are common in freshwater and
marine environments. The cells may be naked, or
invested in an organic lorica or a siliceous case
{marine species only). The cytoplasmic part of the
cell is similar in most species, with a body (5-10 pm
in diameter) giving nise to a single flagellum and the
collar of pseudopodia. Genera and species are dis-
tinguished by the form of the lorica, by being free-
swimming or attached, by being stalked or un-
stalked, or by being solitary or colonial (see
Patterson and Larsen, 1991; Zhukov and Karpov,
1985).

Almost all species are attached, although abra-
sion can detach them, or, if conditions become un-
favourable, they may release themselves and swim

aroind with the flagellun directed backwards.

The collar traps bacteria and is made of very fine
pseudopodia (Fig. 29(b)) which are normally seen
only as two lines, one on either side of the flagellum
(Fig. 29(a)). Trapped bactena are drawn into the
cell by a pseudopodium which extends from the
cell body. The biology of the group is reviewed in
Patterson and Larsen (1991), and guides to species
may be found in Zhukov and Karpov (1985), Bour-
relly (1968), Ellis (1929), and Starmach (1980). More
detailed descriptions are provided by Leadbeater
and Morton (1974), Hibberd (1875) and Andersen
(1989).

Compare with Paraphysomonas (Fig. 28).

A Ceﬂswhhaﬁnecﬁophmﬁccoﬂuuomdﬂwdnghﬂagdhm(seenﬂesaﬁu&epﬁmmb

ammmmxamwmeam“anﬁck.bmmmmcen

GO TO 11

B CﬁsMamp&mﬁcwﬂu,ﬁmmaWMbﬁumwhthmymyaﬁdemm
Thesearetwonaqena:oneemerqesbeﬁdeasliqtttlipatthetopotthecen.andisheldinagenﬂeauve;nte
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peeudoeolomes.'l'ypicany.thebodiesaresxmn(s-lo um long).

Figs 31 &32 BICOSOECA

Figure 32 Bicosoeca. A genus of colourless, filter-feeding
flagellates. The cells have no plastids, and are immotile and
loncated. Mostly attached to immersed surfaces, but colonial
forms may be found suspended in the water column. There
are two flagella, both inserting near the top of the cell. One
(l)mmbad:mrdswamdlbnnbasaofthem(z)
With suitable stimuli, this flagelium will ‘contract’ to pull the
cell into the lorica. The other flagellum is long, beats witha
shallow wave, and draws a current of water to the cell
surface, where particles camed in the current are inter-
cepted by a projecting lip (3). A contractile vacucle (4),
food vacuoles (5) and the lorica stalk (6) are visible. Phase
contrast.




Species of Bicosoeca (often misspelt Bicoeca) are
colourless flagellates related to the chrysophytes.
They are filter feeders, using the long flagellum to
dxawacxmernofwatenothebodyanfaoe Particles
(bactena) impinge near the anterior lip or shoulder,
where they are then ingested. The recurrent flagel-
lum can contract to pull the cell back into the lorica,
at which point both flagella become coiled.

There is only one genus in fresh water, but two

naked genera, Pseudobodo and Cafeteria, are
widespread In -marine environments (Larsen and
Patterson, 1990; Patterson and Larsen, 1991). De-
tailed accounts of fine structure are provided by
Mignot (1974) and Moestrup and Thomsen (1976).
The cells' general biology is described by Picken
(1941), feeding behaviour by Sleigh (1964), and
identities of species by Zhukov (1978). Planktonic
species are discussed by Hilliard (1971).

A Collar flagellates with a thin colourless, organic lorica that may closely adhere to the surface of the
body. Only the anterior portion may be visible, like a second collar around the flagellum. Body diameter is

about 5-10um. See notes after Step 9.

Fig. 33 SALPINGOECA

B Small flagellates living in a thick lorica that becomes brown with age and encrusts on the substrate to
form volcano-like mounds. The collar and the flagellum can be seen, usually with great difficulty,

from an anterior pore. Body diameter is about 5 um. See notes after Step 9.

The taxonomy of collar flagellates with thick loricae
that become brown is confused. Two genera,
Diploeca and Pachysoeca, were erected by Ellis
(1929), but Salpingoeca and Diplosigopsis house
similar species (Bourrelly, 1968; Starmach, 1980).
The bactenum Siderocapsa also forms brown, vol-
cano-like deposits.

protruding
Figs 34 & 35 DIPLOECA

Figure 38 Diplosigopsis. A collar flagellate. One of several
genera with a brown, thickened test (1). This genus can be
distinguished from the others (e.g. Pachysoeca and Diploeca)
because there appear 1o be two cytoplasmic collars (2)
around the apical flagellum (3). Often only the test is visible,
in which case, confusion with the bacterium Siderocapsa is
possible. This particular cell is attached to a mucilaginous
mass produced by Speongomonas (Fig. 40), and the long
orange rods are iron-impregnated secretions of the iron
bacterium, Galionella Differential interference contrast




A Colourless cells. GOTO13

B Elongate cells (mostly about 10 um long) living in a branching colony of vase-shaped loricae
(10-100 pm long) that attach to each other. Each cell has two flagella, only one of which is easy to see. The
cells have golden chloroplasts and a stigma. Figs 24 & 36 DINOBRYON

Dinobryon is a type of mixotrophic chrysophyte 38
(see notes after Step 6). Many of the common

species are described by Bourrelly (1968), and

some aspects of the fine structure have been descri-

bed by Owen et al. (1990a). Dinobryon is often en-

countered as motile planktonic colonies.

A Cellsembedded in mucus. GOTO 14

B Cells not in mucus; usually single or in masses at the ends of narrow branches. GOTO 16

A Fan-shaped colonies in which mucus forms flattened and grooved sheets. The cells are small
(about 5-10 um in diameter) and located in tubes at the ends of the mucus sheets, and each cell has two

flagella. Fig. 37 RHIPIDODENDRON
Previously regarded as a chrysophyte (e.g. 37
Starmach, 1980), but detailed studies (Hibberd

1976¢) indicate otherwise. One species is found in
Sphagnum moss.

B Mucus in bulbous masses and with a globular consistency. GOTO 15




A M@Mpedmnswhhadmbmmmwummmmhasﬁﬂmdconaramww
Cdoniesumllyinhemispheticalmases.kdividmlcensabmn 10 umlong. Fig. 38

Only a few species are known, of which one is said
to be solitary. However, these cells may simply be
'seeds for new colonies. The fine structure has been
described by Hibberd (1983).

B Small, rounded cells (body about 10 umlonq)withtwoﬂagelh.Theﬂaqelhbeatsﬁﬂly.andsomeﬁmu
haveaveryshaﬂowbasalcoﬂat.Coloniesmymeasnrehm\dredsofmcrom.

Figs 39 & 40 SPONGOMONAS
Colonies are hemispherical or finger-shaped, have a pinkish or brownish colour. The fine struc-
sometimes branching (Schneider, 1986), and often ture has been described by Hibberd (1976¢, 1983).

Figure 40 Spongomonas. A colourless filter-feeding flagellate
that occurs in bulbous gelatinous colonies. The jelly-like
muixo(mecolonyhasmetenuxeofadbennqgiobtnea
Each cell has two projecting flagella, sometimes with a
shallow collar around the bases (3). A contractile vacuole
(4) lies near the base of the cell Differential interference
contrast,




A Cellsin clusters at the ends of narrow branches of the colony.

GOTO17

B Each branch of the colony terminates in a single cell (body 5-10 um).

The cells are somewhat triangular in profile, and
have two equally long flagella at one ‘corner’. The
stalks are fairly wide, often with mucus and accumu-
lated debris around them. Ultrastructure is descri-

bed by Mignot (1974b) and Hibberd (1985). There is
a similar chrysophyte (see notes after Step 6), Den-
dromonas, which forms branching colonies of cells
borme on stalks. The two genera can be distinguished
from each other as the cells of Dendromonas have
thin stalks and the flagella are different in length.
Pseudodendromonas 1s related to Cyathobodo (not
illustrated) which is solitary, but may also secrete a
stalk.

Figs 41 & 42(a) & (b) PSEUDODENDROMONAS

41

Figures 42(a) & (b) Pseudodendromonas. A colourless filter-
feeding flagellate that typically occurs in a fan-shaped
colony. The cells are borne on a branching stalk system (1)
to which organic matter and bacterna may adhere. The cells
lie in an arc at the head of the colony (2), Each cell 1 held
within a vase-shaped Jorica (3) and has two flagella (4).

Pseudodendromonas may be confused with Dendromonas,
each cell of which also has two flagella (but they are very
unequal in length), or with Rhipidodendron (see Fig. 37), the
cells of which are supported in a globular, fluted, organic
matrix Phase contrast.
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4’11 A Theﬂaqeﬂumofeachceﬂissunmmdedbyaﬁnecytophsmiccoﬂax(wﬂarﬂagelhtes:seenotesStep

(16) 9). The body is 5-10 um in diameter, and the stalk is firm.

One species is described in detail by Hibberd
(1975), and Leadbeater and Morton (1974). The
genus has also been referred to as Codonosiga. For
species taxonomy see notes after Step 9.

B Nocollar around the flagellumv/a.
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Figs 43 & 44 CODOSIGA

Figure 44 Codosiga. A stalked, colonial, sessile collar fla-
gellate. The cells are borne as a cluster at theend of a fairly
broad, stff stalk (1). Each cell has a single, long apical
flagellum, around the base of which is a cytoplasmic collar
(3). The flagellum creates water currents which are drawn
up through the collar, creating forces that tend to push the
cell towards the substrate. The stalk is thick to prevent
compaction (cf Paraphysomonas, Fig 28). Nuclei with a
central nucleolus (4), food vacuoles (5) and empty-looking,
basal contractile vacuoles (6) are evident. Differential inter-
ference contrast.

GOTO18

ALL SCALE BARS 20 um UNLESS OTHERWISE INDICATED




A Cells occurring in clusters at the ends of softish, dichotomously dividing branches with a granular
consistency. The material of the stalks becomes brown with age, being darker near the base of the stalks
and virtually colourless near the cells. The cell bodies measure 5-10 um in diameter, and there are two
unequal flagella. The colonies may attach to debris, vegetable matter or to the air-water interface.

Figs 45-47 ANTHOPHYSA

A. vegetans is described in detail by Pringsheim
(1946) and by Belcher and Swale (1972). The
species is a chrysophyte (see notes after Step 6).

"\-\@_" A
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Figure 46 Anthophysa (see Fig. 47). This is an iron flagellate
and a chrysophyte. It takes the form of branching (arbores-
cent) colonies, usually attached at the broad end to the
substrate, or hanging from the water-air interface. They are
called iron flagellates because the organic matter of the
stalk (1) accumulates metal salts, such as iron and man-
ganese, giving them their rusty colour. The cells are arranged
in small, spherical clusters (2) at the ends of each of the
branches They can occur in large numbers, turning surfaces
brown. Differential interference contrast Scale bar 100pum.

Figure 47 Anthophysa (see Fig. 46). lllustrated is a single
cluster of cells that has begun the process of producing a
stalk The youngest part (1) of the stalk is adjacent to the
colony; it is lightest in colour because it has absorbed only a
small quantity of metal salts The cells are drawn out where
they attach to the stalk. At the opposite end, each cell has
two unequal flagella (as do all chrysophytes), emerging
from a shight dimple. Differential interference contrast.

4]




B Thestalkisrigid, colourless and unbranching. Cells 7-15 ymlong. Fig. 48 CEPHALOTHAMNIUM

A colonial bodonid (see notes after Step 27), descri-
bed in detail by Hitchen (1974), each cell isattached
to the common stalk by one recurrent flagellum. The
cells may occur as epizoites.

A Cells forming colonies.

B Cells not forming colonies.

A The colony is a spherical ball of colourless cells, held together in a mass of mucus. Eachcell hasa
mwmmprMammm(mw.mmma&epQ
above). The individual cells are small (body 5-10 um in diameter). Figs 49 & 50 SPHAEROECA

Studies of colomal collar flagellates have been con-
ducted by Leadbeater (1983) and Ertl (1981).

Figure 50 Sphaerceca. A plankionic colonsal collar flageliate.
All of the cells lie at the outer edge of a ball made of
gelatinous material (1). The colony may measure as much as
300 ym in diameter. Each cell has its posterior end (2)
drawn out into the matrix. and has a single flagellum (3)
which is surrounded by a collar (4). Bacteria from the feed-
ing current adhere 1o the collar (5) before ingestion. Dif-
ferential interference contrast. (Photo Helge Thomsen.)
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Most of the planktonic colonial chrysophytes have
siliceous scales (i.e. they are members of Synuro-
phyceae = synurophytes). Species and genera with
scales (and spines) usually have to be studied
by electron microscopy before they can be identi-

B mmammmmmm(mmmpmnb)mhemw
volvocids.

Solitary or colonial motile members of green algae
are here referred to as volvocids, in accordance
with the protozoological literature (e.q. Lee et al,
1985). The phycological literature may differ. The
number of cells in each colony usually helps to iden-
tify organisms to genus. The number ranges from
four to thousands, and the size of the colony from
20 pm to over a millimetre, Colony colour ranges
from a pastel to a deep green. Each cell is ngid, asa
cellulose cell wall is present. The cells are usually
embedded in mucus through which flagella, usually
In pairs, protrude.

The volvocids are an ecologically successful group

fied (see Andersen (1986a, b), Kristiansen (1978),

Kristiansen and Andersen (19885), and

ﬁngggrsen in Patterson and Larsen ( 1991), and Wee
).

GOTO24

of green algae. The cells typically bear two or, less
commonly, four flagella. Flagella of one cell are of
the same length, beat with a breaststroke action,
and may adhere to the substrate. The cells typically
have a single, bright green chloroplast, with a stigma
and pyrenoid within it. Land plants are related to this
group. The group contains many genera of solitary
species (e.g. Chlamydomonas, Figs 113 & 114) as
well as genera of colonial organisms. Identification
guides by Bourrelly (1972), Pentecost (1984), and
Prescott (1978). One or two genera lack chloroplasts
(Figs 93-95).

A Cells(5-15 um)withomscdesandingehﬁmuscolomesupto 150 pm in diameter.

Uroglena cells are most easily confused with Synura
(Step 23B), and care is needed to discern the scales
of the latter genus. They may also be confused with
the less common Syncrypta, but in that genus the
colonies are smaller, the cells are densely packed,
and the flagella are virtually equal in length, (not
markedly unequal). Uroglena cells are connected

Figs 51 & 52 UROGLENA

by thread-like extensions of the postenor end. As
with most chrysophytes, they have two flagella of
unequal length, two chloroplasts, and a stigma lying
outside the chloroplast. Studies have been conduc-
ted by Owen et al, 1990b (see also Hibberd and
Leedale (1985), and notes after Step 6).
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Figure 52 Uroglena. A spherical, swimming colonial chrys-
ophyte. The form of the colony resembles that of some
colonial green algae (e.g. Fig. 61). The individual cells are
embedded in the outer regions of a mucilaginous material
(not wisible here). Related genera have the cells joined
together. The individual cells have golden chioroplasts (1)
and two flagella of unequal length. (cf Fig. 53). Differential

interference contrast.
B Cells with scales and/or spines, not obviously embedded in mucus. GOTO23
A Each cell with a coating of scales and spines. Cells 5-20 um long. Fig. 53 CHRYSOSPHAERELLA
B Each cell with scales only, cells normally 15-40 pm long. Figs 54 & 55 SYNURA

Detailed accounts of the fine structure of Synuraare and Andersen (1990). For identification by light
given by Andersen (1985), Brugerolle and Bricheux microscopy see Bourrelly (1968), and for diagnosis
(1984), and Schnepf and Deichgraber (1969); and of by electron microscopy of scales see Starmach
Chrysophaerella by Asmund (1973), Nicholls (1980) (1985).
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Figure 56 Synura. This is a swimming, spherical colonial
chrysophyte. It resembles Uroglena (Figs 51 & §2), but this
colomial form has evolved independently among those
chrysophytes that have siliceous body scales (1). The cells
adhere to each other at their posterior ends. Two flagella (2)
of unequal length emerge from the unattached end of the
cell, which has golden chloroplasts (3). Differential interfer-
€nce contrast.

A The form of the colony is a flat plate. Cells are 5-15 ym in diameter, and colonies are up to 100 um.
Fig. 56 GONIUM

For taxonomy see notes to Steps 21 & 25.

B The colony is spherical. GOTO25

A Eachcellisrelatively large (up to 20 um) in relation to the size of the colony (compare Figs 56-61) and
they actually or nearly touch at their posterior ends. Usually eight or 16 cells in a colony.
Fig. 57 PANDORINA

B Numerous relatively small cells forming a colony which is like a hollow ball, within which more densely
packed daughter colonies may be seen. Cells are usually less than 10 yum in diameter, but colonies can be
larger than 1 mm. Figs 58-60 VOLVOX

There are several other genera of colonial vol- genera that form spherical colonies. They vary with
vocids: Platydorina colonies are flat and lessregular respect to the number, size and arrangement of
than Gonium. Eudonna (Fig. 61) is hke Pandorina cells, the number of flagella, and the shape of the
(Fig. 57), but the cells are usually more numerous colony. Fuller accounts are given by Bourrelly
(32) and do not touch. There are a number of other (1972) and Ettl (1983).
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Figure 89 Volvox (see Fig. 60) A chlorophyte that forms
large colonies (up to several millimetres). The cells (1) are
embedded in a gelatinous matrix, from which project the
flagelia (2) that propel the cell Daughter colonies develop
within the parental colony, and can be seen as brighter
green inclusions (3). They break free by rupturing the
surface of the colony. Differential interference contrast
Scale bar 100 ym.

Figure 60 Volvox. A detall of the surface of the colony (see
Fig 58), The individual cells (1) embedded in the gelatnous
matrix may be seen; behind them are the slightly darker
spheres of daughter colonies (2). Each cell has a chloro-
plast. Flageilla are not visible. Differential interference con-
trast,

Figure 61 Eudorina. A colonial, motile chlorophyte. One of
the most evident adaptive traits within the swimming chloro-
phytes has been the evolution of motile colonies Such
colonies may take the form of flat plates of cells (Gonium), a
tightly packed cluster of cells (Pandorina) or, as here, cells
more loosely aggregated within a gelatinous matrix. Each
cell has two flagella (1) which project through the matrix (2).
The cells are arranged in five circumferential bands: two
bands of four cells each, and three of eight cells Phase
conlrast.




A Thecells lack chloroplasts.

B The cells have chloroplasts.

A Cells whose normal movement is a smooth gliding in close contact with the substrate.

Mostly colourless euglenids and bodonids. The
flagellunva trail/s against the ground and one (at

B Cellsthat normally swim rather than glide.

Care 1s needed to establish the normal' mode of
locomotion. Most species that normally glide may
lose contact with the substrate and then begin to
swim. Preparations should be left for several minutes
for such cells to settle. Some flagellates that normally

sSwim may come to rest against debris in order to .

GOTO28

least) is relatively immotile. The body may be very
plastic or even amoeboid.

GOTO39

feed: a small number of volvocids (see Step 59) lay
their flagella against a solid substrate and glide
using them (Bloodgood, 1981). Care should be taken
to distinguish gliding from squirming, which may re-
sult when cells are trapped in debris or between
the slide and the coverslip.

A Small cells (less than 10 um) with a single trailing flagellum and what appears to be a vibrating bulbous

‘nose’.

The 'nose' contains a cytostome (mouth) and is sup-
ported by a short flagellum. It is pressed against
individual bacteria before they are ingested. Des-
cribed in detail by Swale (1973) and Burzell (1973),
Rhynchomonas is easily confused with another ghd-
ing flagellate referred to as Amastigomonas (Patter-
son and Larsen, 1991) or Thecamonas (Larsen and
Patterson, 1990), which has a parallel-sided snout
and a trailing flagellum that is rarely seen.
Rhynchomonas 1s a bodonid flagellate and is
closely related to trypanosomes (both being Kine-

Figs 62 & 63 RHYNCHOMONAS

Figure 63 Rhynchomonas. A common bodonid flagellate. It
is not typical of the group as only one flagellum (1) is
obvious, The (posterior) flagellum is thicker near the cell
body than it is at the tip because of a paraxial rod that lies
alongside the axoneme in the anterior part. This is &
common feature of many bodonids, and may be used as a
‘rule-of-thumb' to identify members of this difficult group.
The second flagellum, of which a small portion may be seen
here (2), supports the snout. The snout (3) contains the
cytostome and wobbles from side to side as the cell moves
across the substrate. Phase contrast.
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toplastids). Unlike trypanosomes, bodonids have
two flagella and most are free-living. Bodonids are
typically very small (rarely larger than 15 pym), and
species in particular are extremely difficult to dis-
tinguish. Most bodonids glide or skip across the
substrate with one flagellum trailing rather inac-
tively behind the cell (but see Bodo saltans Step 8).
The posterior part of the trailing flagellum is thinner
(acronematic), and the contractile vacuole is located
in the anterior part of the cell, normally near the dis-
crete mouth and the anterior insertion of the flagella.
The mouth is usually used to prise individual
bacteria from the substrate.

Identifying a small (less than 15 um) flagellate as
a bodonid is rarely easy, as the diagnostic feature,
the kinetoplast (a mass of DNA in the mitochondnon),
cannot normally be seen in living cells. There are

B Cells with one or two typical flagella and no other appendages.

A Cells with one or both flagella lying along the substrate as the cell moves.

only two common genera (Bodo and Rhynchomonas).
Many small flagellates have arbitranly been
grouped with the bodonids. Confusion is possible
with small euglenids (Figs 82-84); euglenids can
usually be distinguished because the posterior
flagellum is rarely prominent and the anterior
flagellum 1s rather thick. Cercomonads (Step 31)
may also cause confusion, but they can normally be
distinguished by their readiness to form pseudo-
podia, because the trailing flagellum adheres to the
body surface, and because the contractile vacuole
is often located in the posterior part of the cell. For
detailed accounts of the cytology of bodonids see
Vickerman and Preston (1976), Brooker (1971),
Brugerolle et al. (1979) and Patterson and Larsen
(1991). Species descriptions are given by Hanel
(1979), Vickerman (1976) and Zhukov (1971).

GOTO29

GOTO30

B Cells with one, two or four flagella at the apex of the cell, connected to the nucleus. The flagella beat
stiffly and the cell is flexible. Figs 20 & 64 FLAGELLATED CELL OF MYXOGASTREID SLIME MOULD

The flagellated swarmers of myxogastreid (myxo-
mycete) slime moulds (Olive, 1975) are not common in
freshwater, but they may be encountered in samples
and cultures from soils or vegetation. They may
have one flagellum visible, although usually two or
more may be seen. Typical sizes are 10-20 pm.

Mastigamoebae (Step 39) have a single, stiff flag-
ellum, with the base either attached directly to the
nucleus (Mastigamoeba) or removed from it (Mas-
tigella). They may be confused with myxomycete
slime moulds, but they rarely glide, and are most
often encountered in sites lacking oxygen and usu-
ally smelling of hydrogen sulphide.

A Cells with two projecting flagella.

B Cells with one projecting flagellum.

Figs 85 & 86 MASTIGAMOEBAE




A mmmmmmmm¢mmm¢mmamm
nwﬁmuﬂﬁnpwmmgennmadhexutpﬂwbodymhcemmsmmm:mmmny.bm
not always, less than 15 umindiameter.whhvexypﬁamMiestromchhpswdopodhmaym
mbodymybednmmnabwuaﬂhwﬂagenmorumndsﬁommemneﬁorenddMOenm
posteriorﬂagellnmmybetmckerfoxitsproximal(ﬁrst)half. Figs 65 & 66 CERCOMONAS

Sometimes referred to as Cercobodo, thiscellisnot 32), and the cytoplasm may contain granules. The

a bodonid, but is related to the common soil flagel- cell bodies have small extrusomes. (Mignot and

late Heteromita and a marine flagellate Massisteria Brugerolle, 1975; Schuster and Pollak, 1978) Some

(Patterson and Larsen, 1991). Cercomonads tend to confusion may also occur with the amoeboid Mas-

form pseudopodia when feeding, a feature that tigamoeba and Mastigella, both of which have a
. helps distinguish them from bodonids (Steps 28 & single flagellum (Step 39, Fig. 86).

B Theceﬂsuendamoeboid.hnuwylnveadkmcﬁveuhape.mdmaymyoxmywwﬁm.
GO TO 32
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many ultrastructural features in common. The body euglenoid motion) (Suzaki and Williamson, 1986a &
surface is fluted, folded or grooved because of under- b). Euglenids are related to bodonids, “and the
lying skeletal stnps (sometimes visible with the smallest gliding euglenids occupy eoologxcal
light microscope, Figs 120 & 121), and most larger niches similar to those of bodonids.

phagotrophic species can writhe (metaboly or

A Cellbody is not rigid. GOTO34

B Cellbodyisrigid. ) GOTO35

A @EMapmmmmm:Mthmm-m%n
PERANEMA

Peranema (botanists call this Pseudoperanema, see
Patterson and Larsen, 1991) squirms actively, es- 70
pecially when feeding. Ingestion of food involves
the use of two ingestion rods lying near the anterior
tapering pole of the cell (Fig. 71; Nisbet, 1974). The
cytoplasm is often heavily laden with starch granules,
and the pellicle is finely ndged. The front flagellum
is very strongly developed, with most movement
occurring near the tip. Extremely careful observa-
tion is needed to detect the second flagellum, which
lies in a slight groove in the ventral surface of the
body (Fig. 72).

ALL SCALE BARS 20 ym UNLESS OTHERWISE INDICATED
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Figure 71 Peranema. A colourless euglenid which, like Figure 72 Peranema. A detailed view of the anternior end of
many other colourless euglenids, does not readily swim, this colourless and phagotrophic euglenid (cf Fig 71, but
but glides along the ground. It appears to have only a single, note that this is a larger species). Although only one flagellum
very broad, emergent flagellum (1) During normal locomo- (1) appears to emerge from the front of the cell, careful
tion, the basal part remains fairly stiff, with only the anterior scrutiny reveals a second recurrent flagellum (2) leaving
portion showing much actvity. Peranema (also called the reservoir 1o extend backwards, lying close 1o the surface
Pseudoperanema) is a phagotroph and can manipulate of the cell Both flagella remain in close contact with the
other protists and detritus into the cell by means of two substrate (in this picture they are in the same focal plane asthe
mgestion rods (2). This species does also have a short bactena adhering to the substrate (3)) as the cell moves Deli-
recurrent flagellum (3). Phase contrast, cate stmanons of the pellicle (4), typical of many euglenids,

can also be seen. Differential interference contrast

B Cells with an anterior flagellum, a trailing flagellum that is not attached to the body surface and can be
seen easily, and a small ingestion device. Size 20-200 um. Figs 73 & 74 HETERONEMA

;"ﬂ

Figure 74 Heteronema. A eugienid flagellate, easily confused
with Peranema because in both organisms the anterior
flagellum (1) is strongly developed. However, careful ob-
servaton (especially when the cell turns) reveals a second
trailing flagellum (2) which does not hie in firm contact with
the cell body. Unlike Peranema. the body moves close the
substrate but does not appear to ‘stick’ to it. Much of the
cytoplasm is occupied by refractile polysaccharide storage
granules (3). Heteronema also has an ingestion device and
1s capable of phagotrophy. Phase contrast
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A Cells without ingestion apparatus. GOTO36
B Cells with a well-developed ingestion apparatus (body 20-30 pm long). Figs 75 & 76 ENTOSIPHON

These cells have an anterior beating flagellumanda mon in freshwaters. In marine sites a rather similar
second, broad, trailing flagellum. Some ultra- genus, Ploeotia, is common (Larsen and Patterson,
structural aspects are presented by Mignot (1966) 1980).

and Triemer and Fritz (1987). Two species are com-

Figure 76 Entosiphon, Of all of the colourless euglenids,
Entosiphon has the most strongly developed ingestion
apparatus (1). This comprises a tube with a flap-hike opening
at its anterior end Detritus and bactena are ingested
through this organelle. There are two flagella (2), but this
photograph is misleading because one normally trails behind
the cell as it moves, while the other (the antenor) beatsina
fairly conventional fashion. The contractile vacuole (3) and
nucleus (4) are also evident within the cell Phase contrast

A The posterior flagellum is very broad atits base, and is as long as or longer than the anterior one. The
forward motion of the cell is occasionally interrupted by backwards jerks (body 10-100 jum long).
Figs 77 & 78 ANISONEMA

The posterior flagellum curves in a broad arc likea Pestaloza (1985) and Larsen and Patterson (1990).

hook’' as it leaves the flagellar pocket. The occa- Helkesimastix (Fig. 81) has two flagella and may
sional jerks in motion are caused by contraction of key out here, although the anterior flagellum cannot
the posterior flagellum. For taxonomy, see Huber- usually be seen and it appears to be uniflagellated.
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% { ’ Figure 78 Anisonema. This genus is so called because it

- appears to have two prominent flagella that are unequal in
breadth and length. The antenor flagellum (1) is the weaker
of the two, beating normally. The recurrent flagellum (2) is
much broader and trails along the ground as the cell moves.
) Morphologically, the clearest distinguishing feature is the
N 'hook’ (3) that the recurrent flagellum forms after leaving the
L flagellar pocket (4). Living cells can also be distinguished
from other genera because the recurrent flagellum can
contract to jerk the cell backwards No ingestion apparatus
is visible. Phase contrast.

B The posterior flagellum is not greatly thickened, and is shorter than the anterior one. Most species are
15-30 umlong. Figs 79 & 80 NOTOSOLENUS

Figure 80 Notosolenus. A common colourless gliding eu-
glenid, closely resembling Petalomonas (cf Figs 83 & 84)
Moving cells appear to have a single emergent antenor
flagellum (1), but more. careful observation reveals a
second flagellum (2) trailing backwards under the cell, Both
emerge from the flagellar pocket (3). The recurrent flagellum
distinguishes Notosolenus from Petalomonas. Differential
interference contrast
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slightly flared at the antenor end. In

mostly confined 10 i3 antenor portion Cells are
often wedge-shaped and the body surface may
bear ndges or be fluted. Ingestion devices cannot
usually be seen with the hght microscope, but the
cells may contain large particles of food, which indi-
cate that 8 mouth s present (Larsen and Patterson,
1650).

A Cells with the single flagellum directed anteriorly during normal locomotion. Mostly euglenids.

See notes on euglends after Step 32

GO TO 38

B Cells with the single flagellum directed posteriorly. Body less than 10 um long.

This genus has a tiny recurrent flagellum which s
readily overlooked This and several sumilar taxa
(e.g. Allas and Allantion) from soils (see Sandon,
1927, Patterson and Larsen, 199]) have been repor-
ted rarely, and may be cercomonads with reduced

anterior flagella.

A Rigid cells. Most species are 10-50 um long.

Petalornonas s generally a small cell (under
IS pm) in which the flagellum s most active at the
anterior tp. It is most easily confused with Not-
asolenus (Step 36) which has a rather insgraficant
recurtent flagellum. Taxonomy 1s discussed In
Huber-Pestalozz: (1965), Shawan and Jahn (1947),
and Larsen and Patterson (1990)

Fig. 81 HELKESIMASTIX

atypically abvious & this coll Phase contrast




ALL SCALE BARS 20 pm UNLESS
OTHERWISE INDICATED

Figure 84 Petalomonas and Bodo. This is a landscape’
photograph illustrating a number of small flagellates moving
among bacteria, The bactena include coceoid, filamentous
and spiral forms. Two types of flagellate are present: Petalo-
monas (cf. Fig. 83) (1), which includes smaller species of
eugienids, and is distinguishable by the single stff anterior
flagellum; and two bodonids (2) each of which has two
flagella. Euglenids and bodonids are thought to be related;
small species like these occupy similar niches, being asso-
ciated with detritus and consuming small attached particles.
Phase contrast.

B Highly metabolic cells.

A Thick flagellum, most active near the tip. The body is capable of deformation, but is not amoeboid.

GO TO 40

B Almostamoeboid body. The flagellum is thin and beats stiffly, like an undulating rod. Body 10-100 pm

long.

The relationships of Mastigamoeba have only re-
cently become clear. Related to Mastigella (Fig. 86)
and Pelomyxa, the body resembles that of an amoeba.
The flagellum of Mastigamoeba is attached to the
nucleus, whereas that of Mastigella 1s removed
somewhat from the nucleus. Pelomyxa looks like an

Fig. 88 MASTIGAMOEBA

amoeboid organism, the flagella being relatively
short and insignificant. The flagellum is rather stiff and
flexes rather than undulates. Some mastigamoebae
are very similar to swarmers from certain shime
moulds (Fig. 20). Reviewed in Lemmermann (1914)
and Patterson and Larsen (1991).




A Celltapers atthe front end. Most species 20-100 um long.

See Step 34. Peranema has two flagella, but the re-
current one is extremely difficult to see. Pera-

B Cellflares at the front end. Body 25-60 um long.
Urceolus has an ingestion apparatus comprised of two

rods to manipulate food. The stout anterior flagellum
resembles that of Peranema in its behaviour, being

Figure 86 Mastigella. An organism that combines the
characteristics of an amoeba and of a flagellate, 1.e., ithasan
amoeboid body and a flagellum. The mastigamoebae are not
well known, but two genera, Mastigamoeba and Mastigella,
are reasonably common. Mastigamoeba has its nucleus
lying at the base of the flagellum, whereas in Mastigella it (1)
lies near the centre of the cell. Pseudopodia (2) develop from
the body surface. There is a single, long flagellum (3) which
beats very stiffly (rather like a flexing stff rod). There 1s
great similarity with the 'swarmers’ of some slime moulds.
(Fig. 20). The mastigamoebae are usually found in organically
enriched or anoxic sites. Differential interference contrast.

Figs 70-72 PERANEMA
nemopsis includes virtually identical organisms, but
they do not have the recurrent flagellum.

Figs 87 & 88 URCEOLUS
most active at the tip. The surface of the cell may be

finely ridged and, in some species, particles adhere
to the surface. Can be fairly large (up to 50 um).




Figure 88 Urceolus. This genus of colourless, phagotrophic
euglenid flagellates has much in common with Peranema
(Figs 71 & 416). The body is highly metabolic and there isa
single, broad, emergent flagellum (1) which extends in front
of the cell as it glides along, but the genus is distinguished
by the flared anterior end (2). Surface striations, character-
istic of many euglenids, are visible (3). Urceolus also has a
rod-like ingestion device (not visible) and eats detritus,
algae and other protists. Phase contrast.

A Withone or two groups of one to four flagella. GOTO42
B With more than four beating flagella, but not emerging in groups.

There are several rarely encountered organisms amoeba), Multicilia, Spironema, Psalteriomonas
that satisfy this description. They include Artodis- and Hemimastix (Broers et al., 1990; Foissner et al,
cus (see Rainer (1968) where it is regarded as an  1988; Patterson and Larsen, 1991).

A Withone flagellum. GOTO43
B Withtwo or more flagella. GO TO 46

Care must be taken here because in some or- flagellum is readily visible.
ganisms with more than one flagellum, only one

A Flagellum directed forwards. GOTO44

B Flagellumdirected backwards.



Very few protozoa satisfy this description. How-
ever, dislodged collar flagellate cells (see Step 9B)
will swim with their flagellum trailing behind. The
same is true of some fungal swarmers, particularly
those chytrids (Fig. 8) with a long, trailing flagellum

and a small, spherical body containing a refractile
granule. Dinoflagellates (Step 67), most of which are
pigmented, have two flagella, but often only the
trailing flagellum is seen.

-

A  Relatively broad flagellum, beating in whiplash fashion (i.e. small coils are pushed along the flagellum

from base to tip). Most species are 20-80 um long.

Astasia (Figs 89 & 92) 1s one of several genera of
actively swimming colourless euglenids (see notes
after Step 32). As with all euglenids, there is an an-
terior depression or pocket from which two flagella
arise, although usually only one emerges. Some
genera, like Astasia, are highly metabolic; others,
such as Menoidjum (Figs 90 & 91), are relatively
rigid. They are often found in organically polluted
sites, duck ponds, etc. Ultrastructure has been des-
cribed by Suzaki and Williamson (1986b).

Figs 89-92 COLOURLESS EUGLENIDS
e.g. ASTASIA, MENOIDIUM

/]
|/ /

Figure 81 Menoidium. A swimming colourless euglenid
Wwﬁhmnanﬁmorgamﬂe,ﬁdemxﬁnmappeam
to survive using some form of osmotrophic nutrition
(absorbing soluble nutnents from the medium). A single
emergent flagellum (1) arises in the flagellar pocket (2)
which lies slightly behind the anterior pole of the cell. The
nucleus (3) has a slightly punctate appearance. Note the
loop in the flagellum, illustrating a type of flagellar (whip-
lash) beating encountered only in euglenids Much of the
cytoplasm is occupied by polysaccharnide storage granules
(4). Differential interference contrast.

Figure 92 Astasia dividing (Jongitudinal division). Division
in most flagellates begins with duplication of the flagellar
structures, followed by mitosis, and then by the progression
of the division furrow from the front 1o the back of the cell In
this cell the nucle: (1) have divided The single emergent
flagellum (2) from each cell is short, and inserts into the
flagellar pocket (3). The contractile vacuoles (4) release
their contents into the flageliar pocket. Phase contrast.




B Thin flagellum, beating not as a whiplash but more in a breaststroke or undulating fashion. GOTO45

‘

A Thin flagellum, beating in a planar sine wave. Usually trailing a thin stalk or strand of cytoplasm. The
body is small (usually less than 10 um) and apple-shaped.
(Step 9) DETACHED ACTINOMONAD FLAGELLATES

B Flagellum inserting at the conical pole of an almost amoeboid cell, beating rather like a flexing rod.
Cells small, usually under 20 pm. (see notes after Step 39) SLIME MOULD SWARMER

A Twoor four flagella, equal in length, beating with a breaststroke movement at the apex of the cell. The
cells are usually ovoid or have blunt posterior protrusions. Most species are 10-30 pm long.

Figs 93-95 COLOURLESS VOLVOCIDS
There are two common genera: Polytomella (Fig.
83) with four flagella (de la Cruz and Gittelson, 1981),
and Polytoma (Fig. 94) with two flagella and a cellu-
lose wall surrounding the cell. For a general quide
to volvocid literature, see notes after Step 21. For
colourless genera, see Pringsheim (1937), Lang
(1967) and Gaffal and Schneider (1980).
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Figure 98 Folytoma. A motile, coccoid chiorophyte (cf Fig
113), this is one of the few colourless genera The cells have
no chloroplasts, but retain many of the other distinguishing
features of chlorophytes. The body is enclosed within an
organic cell wall (1), and there are two apical flagella (2).
(Polytomella is a related genus with four flagella and no cell
wall). The nucleus (3) lies near the centre of the cell, and the
cytoplasm typically appears very granular because of poly-
sacchande storage matenals (4). These granules (often re-
ferred 10 as starch) are refractile and may appear 1o have a
greenish tinge under some lighting conditions. Care should
be taken to confirm whether green pigment is present or
not. The simplest means of doing this is to view the cell with
bright-field optics and with the condenser inis fully open.
Differential interference contrast

B Notas46A. GOTO417
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come to rest near detritus. Normally 20-40 um long.

Cryptomonads are common Most genera contain
off-green, blue-green, golden or reddish chloro-
plasts, and may occur in blooms (natural occurrences
of high densities of cells). Generic identification of
organisms with plastids usually requires electron
microscopy (Patterson and Larsen, 1991). There are
two colourless genera, Chilomonas being particularly
widespread and a weed. The other genus is Gonio-
monas (Step 48). Whether with or without chloro-
plasts, most cryptomonads have bodies that are
rounded or only slightly flattened in cross section,
with two flagella emerging from the anterior open-
ing of a groove (often misleadingly referred to as a
gullet). The body usually tapers and twists slightly
posteriorly. There is normally one contractile
vacuole per cell: this vacuole discharges into the
flagellar pocket.

The cell sometimes has large, pinkish refractile

96
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B Notas47A.

Figs 96 & 97 CHILOMONAS

crystals. The refractile bodies around the flagellar
depression are extrusible organelles called ejec-
tisomes. They are expelled by trapped or otherwise
distressed cells, causing them to jump suddenly
backwards. Other behaviour includes forwards
swimming (flagella divergent but directed for-
wards), backwards swimming (which may cause
difficulties in identifying the front and the back of
the cell), and resting (little flagellar action). The ultra-
structure of Chilomonas is described by Roberts
(1881b). Kathablephans (p. 181) is a colourless flagel-
late with two lines of refractile bodies. It is some-
times allied with the cryptomonads (Bourrelly, 1970)
and may be the same as the marine Leucocryptos
(Patterson anq Larsen, 1991). For identification at
the light-microscopical level, see Bourrelly (1970);
for manne species, see Butcher (1967).

Figure 97 Chiomonas. This is a colourless cryptomonad
(cf. Fig. 126), but it has a typical cryptomonad shape: a ngid
body, often with the posterior end narrowed (sometimes
even pointed). The anterior end of the cell is indented (1)
where the flagellar pocket or groove opens Two flagella (2)
project from the groove which, inside the cell, is lined by
extrusible ejectisomes (3). The contractile vacuole (4) lies
near the most antenor shoulder of the cell. The nucleus (8)is
relatively large and much of the cytoplasm is filled with
‘starch’ grains (6) Differential interference contrast,




A Small(5-10 um) flattened cells, with two divergent flagella arising together near an anterior lateral
corner of the cell. Movement is by skidding parallel to the substrate. A single refractile bar runs parallel to
the anterior margin of eachcell. ’ Figs 98 & 99 GONIOMONAS

Goniomonas, often called Cyathomonas (for name
change see Larsen and Patterson, 1990), is an
atypically shaped member of the cryptomonads
(Step 47). Ultrastructure is described by Mignot
(1965) and in Patterson and Larsen (1991).

proce 5o ol

Figure 99 Goniomonas. A colourless cryptomonad flagel-
late. Members of this genus are unlike other cryptomonads
in that the cells are flattened, and the groove, which nor-
mally plunges into the cell, lies as a shallow gulley across
the flattened antenor end of the cell The location of the
gulley can be seen by the line of ejectisomes that lies
alongside it (1). There are two flagella (2) emerging near
one of the anterior comers of the cell a single median
nucleus (3), and an anterior contractile vacuole (4). This
genus is common, although it is rarely reported. It normally
moves by skidding along the substrate, and is usually
known as Cyathomonas. Phase contrast.

B Cells with unequal flagella or with flagella not emerging at the same point on the cell surface. GO TO 49

A Cells with along, undulating flagellum held in a gentle arc extending from the front of the cell, and a
mﬂm&cemmﬂmmhchammﬁemuwmnm.mmmggemm

B Cells with two or more flagella. If there are two, they are equal in length. The flagella may emerge from
opposing sides of the cell. GOTOS1

A Cellscoated in a layer of very delicate spicules. Body 5-20 pm. Figs 100 & 101 PARAPHYSOMONAS




Paraphysomonas 1s a colourless chrysophyte (Step
6). The spicules may be evident only as a halo
around the cell. This is a very common genus, the
cells of which may swim around or temporarily
attach to the substrate, either by using a thread-like
extension of the posterior end of the cell, or by sec-
reting a delicate mucoid stalk (Figs 28 & 100). The
scales of most species in the genus are too small to
be wvisible with the light microscope, and generic
and species identification requires electron micro-
scopy (Preisig and Hibberd, 1982, 1983a, 1983b;
Vers et al,, 1990).

100
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B Cells without spicules. Body 5-20 um long.

Spumella is a colourless chrysophyte (Step 6). As
members of this genus are identical to many
species of Paraphysomonas (Step 50A) when
viewed with the light microscope, the absence of
scales must be confirmed by electron microscopy.
The ill-defined genus Monas is regarded as being
the same as Spumelia (see Preisig et al. in Patterson
and Larsen, 1991). Detailed descriptions are given
by Mignot (1977), and taxonomy is discussed by
Bourrelly (1967) and Starmach (1985). Individuals
may attach temporarily to the substrate and may eat
bacteria or other small protists.

Figure 101 Paraphysomonas A colourless chrysophyte with
the one short flagellum (1) and cne long (2) flagellum that
are characteristic of this group. The nucleus (3) lies near the
bases of the flagella. The genus is distinguished by having
no chloroplasts (the golden object is a food vacuole) and by
being coated with a layer of delicate spicules (4). The
scales of most species in this genus can only be seen by
electron microscopy. Inside the body lie numerocus food
vacuoles (5) with different kinds of ingesta. Phase contrast.

Fig. 102 SPUMELLA
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A With flagella emerging from opposing sides of the cell, laterally, posteriorly or anteriorly. Mostly

under 20 ym long.

Most diplomonads are parasites (Lee et al,, 1985;
Patterson and Larsen, 1991), but a small number of
genera occur in natural bodies of water, usually in
organically polluted sites and under fairly anoxic
conditions. They typically possess two nuclel and
clusters of four flagella which arise at the anterior
ends of lateral grooves in the body. Genera and
species differ in the relative length (and therefore

B With flagella arising together, at, or near, the apex of the cell.

FREE-LIVING DIPLOMONADS GOTOS2

the wisibility) of the flagella. Some species swim
and turn with a characteristic stepwise rotation. For
general comments, see Patterson and Larsen (1991);
for descriptions of free-living species, see Calaway
and Lackey (1962), Hanel (1979), and Lemmermann
(1914). Electron microscopy is discussed by Eyden
and Vickerman (1975) and by Brugerolle in Patterson
and Larsen (1991).

GOTOS3

A With four flagella on either side of the body. One is long and projects laterally, while the other three are

shorter and difficult to see. Cell body 7-30 um long.

Figs 103(a) & 105 TREPOMONAS

B The flagella not only extend laterally, but they may also lie in the groove from the point of flagellar
insertion, and trail behind the cell, or even project in front of it. Cell mostly 10-30 um long.

Figs 103(b), 104 & 106 HEXAMITA

Figures 103(a) & (b) Diplomonad flageliates, Trepomonas
(a) and Hexamuta (b). Most genera of diplomonads are
parasites, and the few genera that are free-living are usually
found in organically enriched (and usually anaerobic) sites.
The cells are bilaterally symmetrical along their longitudinal
axis. There are two antenor nuclei (8), and associated with
each are four flagella which anse at the head of a groove in
the body surface. The genera may be distinguished by the

relative lengths of the flagella and by the flexibility of the
bodies. In both genera, one flagellum of both quartets extends
laterally (1) from the head of the groove. The remainder lie
within the groove, with those of the more phable Trepomonas
(2) not extending beyond the posterior margin of the cell, as
do those of Hexamita (3). These organisms may feed either
by eating bactera (4) or by pinocytosis Phase contrast.




Figure 106 Hexamita. A diplomonad In this genus, one
flagellum projects forwards (1), and the remainder lie in the
groove. One of the latter may be seen on each side at the
posterior end of the cell (2). The cells have food vacuoles
containing bactena (3). Phase contrast

A With four flagella and a slit extending from the site of flagellar insertion. 10-20 um long.
Fig. 107 TETRAMITUS

B Noslitand two flagella. Cell bodies 10-20 pm long. (SIGPIIZ)NJ{EGLERIA

Tetramitus and Naegleria (Fig. 206) are hetero-
loboseids (Page and Blanton, 1985; Patterson and
Larsen, 1991). In both genera the flagellate is one 107
stage of a polymorphic life cycle that also involves
amoebae and cysts. For light microscopy of Tetra-
mitus, see Bunting (1926) and Bunting and Wenrich
(1929), and for ultrastructure, see Balamuth et al.
(1983). Naegiena is of interest since one free-living
species is able to invade the central nervous system
through the nasal mucosa, and causes a fatal menin-
gitis. This species is found in warm waters (Martinez,
1985).

Shime mould swarmers (Figs 20 & 64) may have
two or more flagella and may key out here. Flagella
insert at the apex of the cell, with a cone holding the

nucleus near to the flagellar bases.
A The chloroplasts (and cell) are bright green (chlorophyll b present). GOTOS5
B The colour is off-green, golden or red. GOTO62




A The cellis rigid, with a smooth organic wall and two or four flagella of equal length, beating with |
breaststroke action. (Step21) VOLVOCIDS GOTOS6

B thmﬂﬁckﬂmnmmmwnhaﬁdphshmuhn(ooﬂsmmhedabwﬁnﬂmmmm
base totip). The cell may squirm or, if rigid, it is usually spirally sculpted. One genus has a round lorica from
which a single, long flagellum emerges. EUGLENIDS GO TO60

Euglenids and volvocids are the only types of flagel-
late to have bright green (grass green) chloroplasts
(compare the types of plastid in Fig. 108). Members
of the two groups can be distinguished fairly easily
as euglenids normally have one emergent thick
flagellum and can squirm, while volvocids have two
or more thin flagella and are rigid. With the excep-
tion of Trachelomonas (Step 63), euglenids do not
have surrounding cell walls. Both types of flagellate
contain a stigma, but this is located within a<chloro-
plast in volvocids, and in the cytoplasm of euglenids.
Euglenids have a flagellar pocket and a nucleus
usually with a granular consistency. Some colour-
less euglenids have been keyed out already (see
Step 32 and the following steps) as have colonial and
colourless volvocids (Step 24, the following steps, and
Step 46). Only a small number of genera of volvocids
are keyed out below. For a guide to the appropriate
literature, see notes after Step21.

Figure 108 Ochromonas and Euglena. This picture offers a

comparison of plastids with chlorophyll b, as in the larger
Jh e - Euglena (1), and plastids with chlorophylls a and ¢, as in the
; : smaller chrysophyte, Ochromonas (2). Chlorophyll b is
B 4 bright green, whereas chlorophylls a and ¢ are off-green or
yellowish. Only one flagellum (3) emerges from Euglena,
whereas Ochromonas has a long (4) and a short flagellum
(5). An eyespot (8) lies near the flagellar pocket/contractile
.- P vacuole (7) of Euglena, the nucleus (9) of which has a

|
A The cells are spindle-shaped, with the flagella located at one apex. Cells 20-200 um, mostly about |
30 pm. Fig. 109 CHLOROGONIUM 1
|
I




B The cells are not spindle-shaped. GO TOS7

A Thewallis pressed close to the surface of the cell. GOTO S8

B 'l'hecel]sattachtothewallbymeansofthinsu'andsofcytoplam Cell body 20-70 pum.
Figs 110 & 111 (a) & (b) HAEMATOCOCCUS

Haematococcus can develop a bright red pigment englenids, and is held to be a protection against
that masks the green colour. Consequently it reap- mtense radiation. Haematococcus is often found in
pears in this key as a non-green flagellate (Step 62).  shallow puddles, where it stains the water red.
This adaptive red coloration is encountered in some Joyon (1965) gives information on ultrastructure.

a Figures 111(a) & (b) Haematococcus. A motile chlorophyte
Each cell has two flagella (1) and is enclosed in a stiff
1 organic theca, to which it is attached by thin strands of
: cytoplasm (2). The cells have chiorophyll b in their chloro-
S L) 7, plasts, usually giving them a bright green colour. However,
\ under some circumstances (e.g. intense radiation) they will
) | develop an additional scarlet pigment which turns the cell

/ | red This genus occurs in shallow puddles, and the develbp-
/ ment of the second pigment in dense blooms of cells may
cause the water to turn red, or cause a red film to develop on
the substrate and/or at the surface of the water. Phase
contrast
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A The cells are rounded (spherical or ovoid). GOTOS59

B The posterior end of the cell is drawn out into squat arms. Cells 15-50 pum long.
Fig. 112 BRACHIOMONAS

A Cells with two flagella and one contractile vacuole. Mostly 15-30 pm long.

Fig. 113 CHLAMYDOMONAS
This widely investigated genus is extensively re-
viewed by Cain (1986) and Harns-(1989).

113

B Cells with four flagella and two contractile vacuoles. Cell body 7-40 pm long.
! Figs 114 & 115 CARTERIA

118

Figure 114 Cartena. A coccoid chlorophycean green
algae, distinguished from the more familiar Chlamydomo-
nas by its four flagella (3), ansing together around an antenor
protrusion (4). The cells are bnight green because of the
cup-shaped chioroplast (1). Buglenids have chloroplasts of
the same colour, but members of the two groups can be
distinguished because chlorophytes have a naid and unnd-
ged cell wall, and because the red eyespot o1 stigma (2) lies
inside the plastid. The plastid encloses the nucleus (6), and
the contractile vacuoles (5) discharge antenorly. Dif-
ferential interference contrast.




A Thecellis enclosed by an organic vase, with one long flagellum emerging from a single opening. The
lorica may be smooth or have spines, and tends to become brown with age. The loricae of most species are
between 10 and 50 um long. Figs 116 & 117(a) & (b) TRACHELOMONAS

Trachelomonas is a frequently encountered genus. 116
For taxonomy, see Huber-Pestalozzi (1955), and for

structure etc., see Dunlap et al., (1983), Couté and

Iltis (1981) and West et al. (1980).

Figures 117(a) & (b) Trachelomonas. Two species of this evident on the outer surface of the cells Although the
genus of free-swimming, loricated euglenids are shown chloroplasts themselves are bnight green and contain
They inhabit rigid loricae (1), and a single, long flagellum chlorophyll b, the cells are usually golden or brown owing
(2) emerges from an apical aperture (3) in each lorica. The to the absorption of metal salts by the test The red organelle
outline of the cell is more evident in the species with the (5) is the eyespot (stigma). Differential interference contrast,
spiny Jorica, but in both cases green chloroplasts (4) are

B The cell is without a lorica. GOTOé61
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A The cellis flexible and is more or less spindle-shaped. Species vary greatly in length, from 20-300 pm.

Euglena is an extensively studied genus, and sev-
eral books have been dedicated to it alone (Buetow,
1982). The flexibility of the cells is illustrated in Fig.
118, the vanous shapes being achieved by an active
squirming (also called metaboly or euglenoid mo-
tion). There is a single emergent flagellum, but this
1s more evident in Fig. 120, in which the loops that
progress along the flagellum are visible. The eye-
spot or stigma lies outside the chloroplasts. The

Figs 118-121 EUGLENA

body surtace 1s spirally sculpted, as seen in Fig. 121.
The species illustrated here is without emerging
flagella, a state encountered in a number of mud-
dwelling species, and in swimming euglenids that
have settled against a water—air or water-substrate
interface.

Figure 119 Euglena The vanous shapes that the body can
adopt result from a form of writhing referred 1o as metaboly
or euglenoid motion This property conveniently distin-
quishes euglenids with green chloroplasts from other types
of green algae. Each cell has a shight antenior indentation (1)
where the flagellar pocket opens at the cell surface, and
where the single flagellum (2) emerges The red eyespot
(3) can be seen in all of the cells Differential interference
contrast.

Figure 120 Euglena. As with most eugienids, there is one
emergent flagellum (1). This is relatively thick, owing to the
paraxial rod alongside the axoneme. The body is pliable.
Also visible is the region of the flagellar pocket, with an
overlying contractile vacucle (2). More posteriorly is the
nucleus (3). The surface of the cell i1s supported by narrow,
spiral, interlocking strips, seen in the region over the nucleus
(6). The cell is green because it has chloroplasts with chlor-
ophyll b. There are also numerous polysaccharide storage
bodies (4), which are refractile and sometimes mistaken for
the chloroplasts (cf Fig. 121). Near the flagellar pocket is
the red eyespot (8), involved in sensing the direction and
intensity of ight. Phase contrast
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Figure 121 Euglena. Some species in this genus, like this
one, lack an emergent flagella, and move by gliding This,
like the squirming behaviour described in Fig. 118, has
been called euglenoid motion. Most of these species are
quite large and are often found in muds. This particular
species has a small number of very large polysacchande
storage granules (1). A large nucleus (2), an eyespot (3), and
the surface ridging (4) caused by the strips of material that
give the body its shape may also be seen. The green colour
comes from the photosynthetic pigments (including chloro-
phyll b) in the chloroplasts Differential interference contrast.

B The cellis not flexible, but is compressed and usually spirally sculpted. Most species are 15-50 pm
long. Figs 122 & 123 PHACUS

122
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Figure 123 Phacus. Like chlorophycean algae, photosyn-
thetic euglenids have chloroplasts containing chlorophyll
b. Buglenids may usually be distinguished by their ability to
squirm, or because, like Phacus, they have helical stniations
or are twisted helically. As in most euglenids, there is a
single, well-developed emergent flagellum (1). The eyespot
(2) is also evident, as is the green colour of the cell, A large
storage granule (3) and a nucleus (4) may also be seen
Differential interference contrast.
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A Thecellisred, rounded and rigid, with two flagella of equal length inserting at the apex, and withthe
cytoplasm running out to the cell wall as fine threads. 20-70 pm long. ~

Figs 110 & 111 (a) & (b) HAEMATOCOCCUS
See notes to Step 57.

B Notas62A. GOTO&3

A Brown cells in a smooth-walled or spiky lorica, with a single opening from which a long flagellum
emerges. 10-70 um long. Figs 116 & 117 (a) & (b) TRACHELOMONAS

See notes after step 60.

B Notas63A. GOTO6&4

A Two flagella of more or less the same length emerge together from a slight depression at the front or
anterolateral margin of the cell. Flagella arise in a pocket lined with refractile bodies. 15-80 um long.
THE PIGMENTED CRYPTOPHYTES GO TO

See notes after Step 48. The cells can swim back- keyed out here; for others, see references in the

wards and this may lead to difficulties in distinguish- notes after Step 47.
ing the front from the back Only two genera are

B Cell with only one flagellum, or, if there are two flagella, they are not of the same length and do not
emerge together from a point near the front of the cell. GOTO68

A Small, blue-green cell (about 10 um) with several chloroplasts.
Fig. 124 CHROOMONAS/CYANOMO

B Yellow-green cell (up to 50 pm). Figs 125 & 126 CRYPTO.

124 127




Figure 126 Cryptomonas. A typical cryptomonad flagel-
late. The body is nigid and at the anteror end (1) has a
depression that is often referred to as a qullet: this is mis-
leading because phagotrophy does not occur. Two flagella,
one of which is visible here (2), emerge from the opening of
the groove. The position of the groove is revealed by the
ejectisomes (3) that line its borders These are extrusible
organelles and, if the cell gets trapped (e.g. between the
slide and coverslip), they may be extruded explosively,
causing the cell to jerk backwards. The cell has an off-
green colour, Numerous polysaccharide storage bodies (4)
appear to fill the cytoplasm. (5) indicates the location of
nucleus. Differential interference contrast

o SRR

Figure 128 Mallomohas. A synuracean

ke other chrysophytes, has chioroplasts (n
chlorophylls a and ¢ The cell therefore has the char-
actexisticqoldencolour,m”muacaanctumphmare
Uwsemthsxboewsscales(:i)anached!omebodym
In this cell. mereisalayerotsnansmlesnearmebody
surface, and a few longer spine scales (2). Synurophytes
lnvetwoﬂaqella.bmtheycanmtbesaenmummicm-
graph. Differential interference contrast (Photo Craig
Sandgren.)

A Cenwhhmﬂagemxmandahmdmhsand/mspmspodesmbetweenlommmm

Usually regarded as a kind of chrysophyte (see
notes after Step 6), scaled forms such as this belong
to the Synuraceae. Full identification requires the
use of electron-microscopical appearances of scales

B Cell without a coating of scales and spines.

Figs 127 & 128 MALLOMONAS

or spines. In Mallomonas only one flagellum is visible;
other genera differ in the number of flagella and the
character of the siliceous material (Siver, 1991;
Starmach, 1985).

GO TO67

A mbodyomwcenhdmwnommsevaﬂdismqpomm.andisoaenhm(grwemmsopm).

Ceratium is a planktonic dinoflagellate. Most dino-
flagellates have two flagella: one lies inside an equa-
torial groove (cingulum) that passes around the
body, and the other lies in a longitudinal groove
(sulcus) and usually trails behind the cell. The cin-
gular flagellum beats with a very shallow amplitude
and may be difficult to see. Thus, the cell may seem
to have only a single trailing flagellum. One or both

Figs 129 & 130 CERATIUM

flagella are often shed if the cells are illuminated too
intensely, or if they are squashed. Mostly planktonic
organisms, dinoflagellates tend to be spherical or
slightly flattened, and often occur in blooms (natural
occurrences of high densities of cells). The nuclei
have a peculiar granular consistency due to the
arrangement of chromosomes. Cells sometimes
have a stigma or eyespot. There are no contractile




- 68

vacuoles, but some cells have a non-contractile less representatives (Dodge, 1985; Spector, 1985;
pusule. Some species are phagotrophic (Patterson Taylor, 1986).
and Larsen, 1991) and there are some entirely colour-

130

Figure 129 Ceratium. A planktonic dinoflagellate, atypically
shaped because the body has been pulled out into a
number of arms. This 1s @ common genus, encountered in
freshwaters and in the sea. The long arms may reduce the
amount of energy required to maintain a position within the
water column The equatorial groove (Cingulum) 18 evident
(1), as 15 the trailing flagellum (2). The chloroplasts have the
ofi-green or orange colour that characterizes many dino
flagellates. Dark ground

B Notas67A. GOTO68

A Cellslarger than 10 um, with a body that is inflexible or has evident stiffening. Large, brown
chloroplasts more or less fill the body. THE DINOFLAGELLATES GOTO®9

See notes after Step 67

B Small cells (usually less than 10 pm), with one or two golden chloroplasts. Two flagella: one long and
extending in front of the cell in a gentle curve, the other short and bending backwards to lie near the cell
surface. Fig. 131 OCHROMONAS
The archetypal chrysophyte. See notes after Step 6.

For discussion, see Slankis and GCibbs, 1972,
Hibberd, 1970). 131 e _
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STEP
A The cingulum (see notes after Step 67) is near the anterior of the cell (10-30 um long). 69
Figs 132 & 133 AMPHIDINIUM (68)

133

Figure 132 Amphidinium. A dinoflagellate in which the
equatorial groove (cingulum) (1), with its cingular flagelium
(2), 1s near the anterior end of the cell The cell is con-
sequently split into two unequal parts. Near the junction of
the cingulum and the longitudinal groove (sulcus) (3) is a
pusule-like organelle (4) of uncertain function. The nucleus
(5) lies in the posterior of the cell The chromosomes in this
and other dinoflagellate nucle: are condensed, even when
the nucleus is not dividing, and this accounts for the
granular appearance of the nucleus. This species has a
chioroplast, the colour of which is evident, but the bound-
aries of which are obscured by refractile cytoplasmic
droplets Differential interference contrast

B The cingulum is near the centre of the cell. GOTO70

ALL SCALE BARS 20 um UNLESS OTHERWISE INDICATED

75



A The margins of the grooves are well marked by ridges, and the cell surface appears to be divided into
plates. Cell length 20-100 pm. Figs 134 & 135 PERIDINIUM

T

Figure 134 Peridinium. A dinoflagellate with a substantial
theca lying just inside the cell membrane (cf Fig. 138).
Because of the theca, dinoflagellates like this are referred o
as being armoured. The most evident sculptings of this
‘armour’ are the two grooves (the equatonal groove or cin-
gulum (1) and the Jongitudinal groove or sulcus (2)), each of
which normally carries a flagellum (not visible in this photo-
graph). The longitudinal groove extends to the posterior of
the cell In this picture, small extensions of the chloroplast
may be seen. The cell has a brownish green colour due to
the combination of photosynthetic pigments. Blooms of this
flagellate may give water an olive colour. Differential inter-
ference contrast. (Photo Hilda Canter.)

B Thetestisnotdivided into plates. GOTOT1

A The cingulum is oblique, and the two ends do not meet. Most species are 10-50 ymin length.
: Fig. 136 GYRODINIUM

B Thetwo ends of the cingulum meet. Cell length usually between 10 and 50 pm.
Figs 137 & 138 GYMNODINIUM




137

Figure 138 Gymnodinium. A typical dinoflagellate. One
flagelium (1) usually lies in the eguatonal groove (2), but it
has become separated in the uppermost cell, a second hes
in the longitudinal groove (4), but trails behind swimming
cells (3). These cells have an off-green colour because of
the combination of pigments in the chloroplasts. A dividing
cell (5) is visible. Differential interference contrast. (Scale
bar 100 ym.)

A Cells without cilia or flagella. Feeding and motion are achieved by cytoplasmic motion and/or by

extensions from the cell surface (pseudopodia).

B Notas 72A (ciliates, suctoria and heliozoa).

Care must be taken to distinguish between the forma-
tion of pseudopodia (temporary extensions from the
cell); squirming of cells, as may be typical of normal
euglenids (which may also shed their flagella, making
identification even more difficult); and the distortion
that may be encountered in squashed ciliates, which
may be very plastic. If you are unsure, try to find
more cells to enable you to establish whether the
amoeboid form is normal’.

The ability to form pseudopodia is widespread
among eukaryotes, and the protists that have this
ability are not closely related. Major categories of
amoebae are distinguished by the shape and
number of the pseudopodia, by other morphologi-
cal features of the cell, such as the uroid, contractile
vacuole behaviour, nuclear appearance and nuclear
division, and by life cycle phenomena. Amoebae
either have many pseudopodia (polypodial) (Fig.
139(a)) or they behave like one pseudopod with a
single advancing front (monopodial) (Fig. 139(b)).
The pseudopodium may be broad and rounded
(lobose) (Figs 139(a) & (b)), usually having a watery

AMOEBAE GOTOT3

GOTO116

leading margin (hyaline cap) (Figs 133(a) & (b), & 210)
into which cytoplasmic organelles do not penetrate.
Other species may have conical pseudopodia (Fig.
139(d)) or thread-like (filose) pseudopodia (Figs
139(c) & (e)). Some amoebae have a broad advancing
front from which fine ‘subpseudopodia’ project (Fig.
208). Pseudopodia emerge from the anterior and
anterolateral margins of moving cells. The posterior
end of the cell (uroid) may have diagnostic value,
being rounded, lobed or finely folded (compare
Figs 196 & 202).

Many amoebae produce loricae or tests. These
shells may be organic, with or without adhering
material, or they may be formed of secreted in-
organic elements. Testate amoebae are usually
identified by the appearance of the test. The heliozoa
have needle-like pseudopodia, supported intemally
by stiff axonemes (Figs 139(f) & (g)), and are usually
classified as amoebae. The ‘axopodia’ show little
activity, except when observed very carefully. Helio-
zoa are keyed out elsewhere (Step 191 and the fol-
lowing steps).




General accounts of amoeboid classification are
provided by Lee, Bovee and Hutner (1985), Page
(1988), and and Siemensma (1991). -

organisms, which are normally referred to as slime

moulds (see Lee et al., 1985; Olive, 1975). Many can
oﬂybeidenﬁﬁedwhenthexgrqmlargemor

after forming spores, but part of their life cycles may
involve small amoeboid organisms, which may
easily be incorrectly identified as solitary amoebae.

Most smaller amoebae cannot be identified with
certainty unless they are isolated and grown in pure
culture, so that the different stages of their life
cycles can be studied.

‘Figure 139 The different pseudopodial types encountered in
amoebae: (a) polypodial with many lobose (rounded)
pseudopodia emerging from the anterior (top) of the cell The

tips of the pseudopodia have watery hyaline caps, and the
posterior end of the cell is crumpled (uroid), (b) monopodial
cell with a single pseudopodium which has a hyaline cap; (¢)
filose pseudopodia, branching; (d) conical pseudopodia; ()
filose and anastomosing reticulate pseudopodia; (f) actino-
pod, with central supportive axoneme (as of actinophryid
heliozoa), (g) actinopod (as of centrohelid heliozoa), with

A meyhmwwmwvmmamwammmaafewam

GO TO 86
B MWWadﬁdeﬁm&mmmd&ew&Mymy
have adhering scales, other inorganic or organic matter. GOTO74
A Amoeboid cells with ‘chloroplasts’. GOTO75
B Amoeboid cells without ‘chloroplasts’. | GOTO76

Care must be taken to distinguish between chloro- shape, and ingested algae, which will be of various

plasts, which will always be of the same colour and colours as a consequence of digestion of pigments.



A Amoebae with many bright green ‘chloroplasts’.

The genus Mayorella is illustrated in Figs 87 & 192.

MAYORELLA VIRIDIS
(Willurnsen, 1982; Page, 1981, 1983), but M. viridis is

The ‘chloroplasts' are symbiotic algae, A few the most common. A colourless species of Mayorella
species of naked amoebae have similar symbionts is illustrated in Fig. 192. ’

See notes after Step 6. Hibberd (1971) gives an ac-
count of the fine structure of this organism, and the
taxonomy is discussed by Bourrelly (1967).

FACULTAD DE CIENCIAS

Fig. 140 CHRYSAMOEBA

140 /‘\

A Amoebae with thread-like (filose) hyaline pseudopodia, not emerging from a broad, clearly visible
hyaline zone (compare Step 114: pseudopodia are as in Fig. 151, not as in Fig. 208).

Some filose amoebae closely resemble heliozoa
(Step 187), in that they are spherical and in that the
pseudopodia radiate from the body mass. However,
the pseudopodia are not rigid (as are heliozoan
axopodia), they lack extrusomes (small granules
moving along the pseudopodia), and are more
transient structures. Fine pseudopodia may or may
not fuse (anastomose). Some amoebae, such as Ac-

FILOSE AMOEBAE GO TO 77

anthamoeba (see Fig. 208), have fine pseudopodia
extending from a broader pseudopodial front.
Amoebae with fine pseudopodia are poorly under-
stood and are often assigned to several taxonomic
groups, e.g. Filosea, Gromiida, arachnulids, athal-
amid Granuloreticulosea or the proteomyxids (see
e.g. Crassé, 1953; Bovee, 1985b & c; Patterson, 1983,
1984).

B The pseudopodia are not thread-like, but generally broad, although they may have fine sub-

pseudopodia arising from a broad hyaline region.

GOTO 104

A mmwmmmmmmmmmmwm.m

substrate.

GOTO78

B The thin pseudopodia are present only in floating cells, but are resorbed after sustained contact with
the substrate. Size range great, up to several hundred microns in diameter,

Figs 141 & 142 ‘AMOEBA RADIOSA'




A radiosa 1s not a species of amoeba, rather the -
floating form adopted by many amoebae. This form
is adopted if amoebae are detached from the sub-
strate. The pseudopodia typically taper from a
broad base to a narrow tip. The pseudopodia are
usually resorbed within a few minutes of settling
against the substrate, after which time the normal
locomotive form redevelops.

Figure 142 '‘Amoeba radiosa’ (or "Astramoeba radiosa’). A
body shape adopted by many amoebae when they are
detached from the substrate. It is a floating form, in which
the amoeboid body is contracted to an almost spherical
mass (1), from which radiate a small number of tapering
pseudopodia (2). Some species may have a single extended
pseudopodium, giving them a comet-like shape. For accu-
rate identification, the organism must first be allowed to
settle; the diagnostic characteristics will become evident
whemtszamtomvaConﬁmnmlhsomemoeearmebae
is also possible. Phase contrast.

A Censwnhahyerdmhsormlea GO TO86

Compare with heliozoa (Step 187) which resemble pseudopodxa have internal skeletal structures (Figs
those amoebae that key out here. Heliozoan 397 & 406).

B Cells without scales and/or spicules. GOTO79

A The pseudopodia anastomose (they branch and join up again so that a network is formed). @ GO TO80

B The pseudopodia do not branch or, if they do, they do not normally fuse back together again. GO TO 82

A Verylarge (up to many millimetres) with thin tracts of cytoplasm joining occasional nodes. Often pink.
“Fig. 143 RETICULOMYXA
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Ostwald (1988) gives a general account of this
genus, and other descriptions may be found in
Nauss (1949) and Koonce and Schliwa (1985). This is
little known taxonomic territory, and identification is
very difficult. Soil environments may harbour many
large reticulate amoebae, some of which eat fung.

B Notlarge (less than 100 pm).

GOTOS81

A Typically with a single body mass from which very active pseudopodia extend. Many of the pseudo-
podia appear to be fairly rigid, as if they are internally stiffened. Size range great, up to 600 pum.

Fig. 144 BIOMYXA

B Many fine, tapering pseudopodia extending from one or more masses or tracts of cytoplasm. The
advancing front has a webbed appearance, and the cytoplasm is often granular and orange. Very variable
inai_ze:mnesmumo(cytophmmaybe 10 pum; cytoplasmic networks may measure many

millimetres.

Z
&

g

| =
oy
- /

—_—

Figure 144 Biomyxa (?). With its thin anastomosing pseudo-
podia (1), this organism falls into a very poorly understood
category of amoebae. Organisms with this type of appear-
ance vary enormously in size, but all are distinguished by
the intense activity of the cells, with the pseudopodia (1)
extending, fusing, separating and resorbing very rapidly.
The identification given here is tentative, Affinities are un-
clear, but there are some similanties with the amoeboid
stages of desmothoracid heliozoa (Fig. 413). These organisms
are not common. Differential interference contrast.

Fig. 145 ARACHNULA

Little is known about these or other naked filose
amoebae. Arachnula has been described by Dobell
(1913) and Old and Darbyshire (1980). These or-
ganisms may eat fungi by cutting-a hole in the fungal
wall (Chakraborty and Old, 1986); they are related
to Vampyrella (Step 84, Fig. 183), which may attack
green algae.

81




A Verysmall organisms (less than 10 pm) with one or more orange lipid droplets

body.

Fine pseudopodia emerge as two tufts at either pole
of the cell, and adhere to the substrate during loco-
motion. Diplophrys is reported to form very large
masses, and 1s covered with a fine layer of scales
which can only be seen by electron microscopy.
New species have been described recently by
Dykstra (1985), and are probably related to the
chrysophytes (Green et al, 1989). This obscure
genus may have been described under other
names, and may have been treated as an alga.

occupying much of the
Figs 146 & 147 DIPLOPHRYS

Figure 147 Diplophrys. Most individuals in this genus (and
in the species D. archeri) are very small and slow moving.
They are often overlooked, but can be common. The organ-
1sm moves by tufts of pseudopodia (1) which emerge from
apertures at opposite sides of the cell and slightly above the
mudline of the cell The organism is most readily distinguished
by the presence of one or more prominent golden or orange
droplets (2) in the cytoplasm The species is said to form
very large aggregates. The body has a fixed shape because
the cytoplasm is surrounded by a wall compnsed of fine
discs of organic matenal Another organism, which also
contains golden droplets, but which has adhering extra-
neous particles, Elseorhanis, is believed by some to be
related or the same. Phase conltrast.

B Size atleast 10 um, often much larger. Colourless except for any food that might have been ingested.
Some species have one or more mucus layers around the cell, and pseudopodia emerge from all over the

cell surface.

There are several recent ultrastructural accounts
(Cann, 1986, Cann and Page, 1979; Mignot and
Savoie, 1979; Patterson, 1983). The genus includes
species that are flattened; some species can be flat-
tened or spherical (Patterson, 1984). Care must be
taken to distinguish between flattened forms and

Figs 148-152 NUCLEARIA

amoebae such Acanthamoeba (Step 114), in which
fine tapering pseudopodia emerge from a broad
hyaline zone (subpseudopodia) (Page, 1988).
Spherical individuals are easily confused with helio-
zoa (Step 187).
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Figure 151 Nucleana. This is a flattened species, N moebius:,
in the same genus that is illustrated in Figs 148 & 150. Some
species of Nuclearia can adopt both sphencal and flattened
shapes. In this species, pseudopodia (1) extend from most
parts of the cell surface, occasionally ansing from an
indistinct hyaline region (2), The pseudopodia emanating
from the advancing margin of the cell are often long and
straight, while those at the posterior end are shorter and
folded (3). There is sometimes more than one nucleus (4)
Also visible are the contractile vacucle (5), and food
vacuoles (6) containing remnants of blue-green algae (7)
Phase contrast

Figure 150 Nucleania. A nuclearid filose amoeba One of
two (unrelated) families normally included in the naked
filose amoebae. This species, N delicatuls, usually has a
rounded body (see Fig. 150) and very long, thread-like
pseudopodia (1), so it 18 easily confused with heliozoa
However, the pseudopodia of the filose amoebae are not
stiffened, and there are no extrusomes The pseudopodia
are usually longer at the leading margin of the cell This
species typically has bactena (2) adhering to a thin layer of
mucus. Phase contrast.

Figure 182 Cysts of Nuclearia. These cysts are formed
within aggregates of detntus. Each encysted cell may con-
tain one or several nuclei (1) and is surrounded with a thick
layer of mucus (2). In this species, cysts form when food is
exhausted, but they do not protect the enclosed cell from
desiccation (Corliss and Esser, 1974). They presumably
serve 1o extend the survival of the organmiem when food is
absent by decreasing the demands made on food reserves
by metabolism. Phase contrast

o |
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A Orange or pink cells, the colour being associated with cytoplasmic granules. Usually associated with
green algae, which they penetrate and eat. Cells 10-60 pm in diameter. Fig. 183 VAMPYRELLA

Vampyrella is probably related to Arachnula. It is
little studied, but a film is available from the Institut
fur Wissenschaftlichen Filmen in Gottingen (Ger-
many) (Hulsmann, 1982).

B Colourless except for any food that might have been ingested. GO TO8S

A Small cells (usually less than 10 um) with fine thread-like, granulated pseudopodia (extrusopodia)
emerging from only a few points on the cell surface. Figs 154 & 155 GYMNOPHRYS

Figure 188 Gymnophrys. Small, flattened amoeboid organ-
isms with very long, thin pseudopodia. The pseudopodia (1)
may branch and. more rarely, fuse back together again
Very fine granules (extrusomes) (2) may be seen on the
pseudopodia. The cells move very slowly. The cell bodies
are often found clustered together, embedded in detritus,
making it difficult to see individuals. They mostly eat
bactena (3). Flagella have been observed by electron micro-
scopy (unpublished). This organism is rarely reported, but
is not uncommon. Phase contrast.




B Cellsrarelylessthan 10 mmummmmammmmmmmy
mmummmmmmn.mmmmmdmmmm.m
some also adopt a rounded form. Figs 148-152 NUCLEARIA

See notes after Step 77.

A mm(&lom)mwmdmmwmmmwmammwu
moorseverdhmeonnqedmplmﬂnbodyhmmdwnhaﬁﬂnmmhommchya.
Figs 146 & 147 DIPLOPHRYS

See notes after Step 83

B Body surface not smooth or pseudopodia not emerging as two tufts. GOTO90

A Coaﬁngapparmﬂyfomwdkmnmhﬂmmdpmm(dund.ew.xmnwkhﬁpiddmplﬂm
cytoplasm. Body 12-20 um in diameter. Fig. 156 ELAEORHANIS

B Coaﬁngfonmd&mnmydnﬁhrdmmappuaﬂyprodwodhy&eceﬂ(idbemm).&e h
Siemensma (1981). GOTO88

A Bodycwmdwhhabon—&ﬁnqhyudmspmuwhhbrmdomhueav“yeuﬂycomed
with heliozoa. Cytoplasm 10-20 um in diameter. Fig. 157 BELONOCYSTIS

B Notas88A. GOTO89




R Bodycovered with a layer of small siliceous spheres. Figs 158 & 159 POMPHOLYXOPHRYS

Figure 188 Pompholyxophrys. This nuclearnd filose
amoeba superficially resembles heliozoa, and can be easily
confused with them. There are numerous long, thin pseudo-
podia (1) which lack the stiffness and extrusomes character-
istic of heliozoa. The body of the organism is encased within
a layer of hollow siliceous spheres (perles) (2). Bactena
may adhere to the outer surface of the perles The cytoplasm
is often orange. Members of the genus feed mostly on algae,
and the colour may come from the breakdown of algal
photosynthetic pigments The genus Pinaciophora is
closely related, but it has flattened plates, not spheres, on
the body surface. Phase contrast.

B Body covered with a layer of flattened siliceous discs or plates. Fig. 160 PINACIOPHORA

Pompholyxophrys and Pinaciophora are often re-

ferred to as heliozoa, which they do resemble sup-

erficially. Careful observation of the pseudopodia

shows that no stiffening elements are present and 160
that extrusomes (small, discrete bodies used for

capturing motile prey) as seen in, e.g. Figs 405-408,

are absent. They are related to the nucleariid filose

amoebae (Patterson, 1985; Page, 1987). Species de-

scriptions are given by Rainer (1969). Recent ac-

counts rely on the electron-microscopical appear-

ance of the siliceous artefacts (e.g. Nicholls, 1983a &

b; Nicholls and Ditrrschmidt, 1985; Roijackers and k.
Siemensma, 1988; Page and Siemensma, 1991). L, o




A Testaround the cell is rigid and has one or more apertures from which the pseudopodia emerge.

GO TO 81

B Testis notrigid, but there is a stiff, flexible sheet (tectum) of fine scales from under which the
pseudopodia emerge. With large crystals in the cytoplasm. Body 15-100 pm.

See Bark (1973) for an account of this genus. Bovee
(1985a) refers to seven genera of amoebae with flex-
ible tests, which some specialists regard as testate
amoebae. In the strict sense, testate amoebae are
those amoebae that have a rigid test (lorica or shell)
with usually one aperture (occasionally more) from
which the pseudopodia emerge. The testate
amoebae form an ‘ecological’ group which includes
organisms that have evolved independently but that
look like each other because they occupy similar
ecological niches. Testate amoebae are divided
into those with lobose pseudopodia and those with
filose pseudopodia. General accounts of testate
amoebae may be found in Lee et al. (1985), Corbet
(1973) and Ogden and Hedley (1980).

Figs 161 & 162 COCHLIOPODIUM

Figure 162 Cochliopodium. This amoeba is normally flat-
tened. The dorsal (unattached) surface 1s covered with fine
scales (1), best seen using phase contrast optics. Because of
this layer, the genus has often been classified with shelled
amoebae. Ultrastructural studies have revealed the pre-
sence of a structured organic coating on the outer surface of
many other amoebae. The coating is usually.too thin to be
seen with the light microscope. The ‘scales’ of Cochliopo-
dium may be little more than a particularly well-developed
coating. The cell also contains bipyramidal crystals (2),
another means by which members of this genus can be
recognized. As the cell moves, thread-like strands of cyto-
plasm may be drawn out behind the cell (3), and short
pseudopodia (not visible here) may protrude from under
the tectum of scales. Common in freshwater and marine
habitats Phase contrast

A Small cells with a delicate organic test that is usually pressed against the substrate and has several
apertures from which thread-like, branching pseudopodia emerge. The pseudopodia bear small particles
like those of Gymnophrys (Step 85, Figs 154 & 155). Cytoplasmic mass small, usually under 10 um.

Figs 163 & 164 MICROCOMETES

4



Figure 164 Microcometes. This amoeboid orgamsm lives in
an organic lorica (1) that becomes brown with age, presum-
ably by absorbing metal salts. The lorica has a number of
apertures (2), through which extend very fine thread-like
pseudopodia (3). The pseudopodia appear stff, as if sup-
ported internally, and have extrusomes which move along
them. Microcometes is very similar 1o Gymnophrys, but
affinities remain unstudied. The sausage-shaped structures
below the amoeba are bacteria. Phase contrast,

B NotasSlA. A= GOTO92

A wmmummmmmmmmwenmm
symbiotic algae. Test 40-80 um inlength. Fig. 166 AMPHITREMA

Bonnet (1981a) provides a recent account of the fine
structure. 165




B Pseudopodia emerge froma single aperture, located at the apex of the cell or ventrally. GOTO93

A Testissmoothand rounded.

GOTO%4

B Testis coloured, textured, or comprised of adhering particles. GOTOS95

A Testisrigid (it cracks if the organism is squashed), calcareous, and hyaline. The large apical aperture

has a slight lip, 10-20 pm. With lobose pseudopodia.

Bovee (1988a) includes five genera in the family
which contains Cryptodifflugia. The genera differ in
the stength and shape of the test, and in the shape of
the aperture. However, Bovee holds that the test is
chitinous, in contrast with the more detailed account
of Hedley, Ogden and Mordon (1977).

166

Figs 166 & 167 CRYPTODIFFLUGIA

O
©

Figure 167 Crypiodiffflugia. One of the smaller shelled
amoebae, which is not uncommon in freshwater habitats
and soils. The test (1) is smooth with a single apical aperture
(2) which has a slightly incurved, thickened rim Lobose
pseudopodia (not seen here) emerge from the aperture
The cytoplasm is attached to the inside surface of the test by
pseudopodia (3), The test is calcareous and brittle, often
cracking If crushed by a coverslip. The most prominent
organelle is the nucleus (4), with a well-developed nucleolus
This organism is weed-like, sometimes developing in en-
riched cultures in very large numbers. Differential interfer-
ence contrast

B Test(20-100 umlong) is organic, and the pseudopodia are fine and branching.

Figs 168 & 169 PAMPHAGUS



'\ The freshwater amoebae with fine pseudopodia

and organic tests are very poorly understood.
Bovee (1985b) includes over a dozen genera within
the filose amoebae. They have been assigned to
genera such as Gromia, Chlamydophrys, Lecyth-
ium, and Pseudodifflugia, but the cniteria for assigning
organisms to genera are uncertain (Arnold, 1970;
Hedley, 1960; Hedley and Wakefield, 1969; Penard,
1902). Similarities also exist with much larger organ-
isms in the genera Lieberkuhnia (Fig, 170) and Allo-
gromia. These genera have pseudopodia that
branch and fuse (anastomose), and thereby resemble
marine Foraminifera (Bovee, 1985¢c). Allogromia is
usually reported in marine and brackish water sedi-
ments. ‘
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Pigure 169 Pamphagus A shelled amoeba with a rounded
organic test that has a single ventral aperture, from which
extend pseudopodia which may anastomose. In this photo-
graph the pseudopodia are in focus as they spread over the
glass slide. It is not clear to which organisms Pamphagus is
related, but it is normally classified with the filose amoebae,
such as Nucleana or Euglypha. However, the appearance
of the pseudopodia is quite different (cf Figs 150 & 151).
There 1s also confusion between this genus, Lieberkuhma
(Fig. 170) and Allelogromia (Allogromia). The individual
llustrated has been eating diatoms (1). The light halo
around the organism is an optical artefact. Phase contrast.

Figure 170 Lieberkuhnia, A large amoeboid organism with
a pliable organic test (1). Pseudopodia (2) emerge from a
single aperture (3) to form a dense anastomosing mat,
rather like those of the marnne foraminifera. This example
has trapped several pennate diatoms (4). The clear area (5)
is the nucleus The comments after Figs 144 & 169 are
appropriate here, as the taxonomy of this type of amoeba is
very confused. Organisms similar to this have been described
from freshwaters, brackish areas and marine habitats,
where they may be abundant. Differential interference con-
trast. (Scale bar 100 pym.)

A Testdoes not have adhering particles.

GOTO9%6

B Testincorporates inorganic scales or other particles that are all very similar and are therefore
propably secreted (idiosomes), and/or includes particles of quartz, diatoms, etc., picked up fromthe

environment (xenosomes).

GOTO97



A Testis organic, yellow or brown, with a finely reticulate texture, and sometimes with the lateral margin
drawn out as a lip with or without dimples or spikes. The aperture is central and ventral. The amoeba has

lobose pseudopodia. 40-270 pm.

This genus is common and widespread. For taxo-
nomic reviews, see Decloitre (1976, 1979, 1982). De-
tailed studies have been made by Netzel (1875a).

171

172

Figs 171-173 ARCELLA

Figure 173 Arcella. A testate amoeba with lobose pseudo-
podia (1). The test has a single central and ventral aperture
(2), from which the locomotor and feeding pseudopodia
emerge. These are sometimes visible projecting beyond
the margin of the test. Other pseudopodia (3) attach the
organism to the inside of the test, which is organic and hasa
very delicate mesh-like texture (4). The test is initially colour-
less, but it accumulates metal salts from the medium and
becomes brown with time. This individual is only slightly
in the cytoplasm is the nucleus (5). Phase contrast.

B Aperture is located at the end of a slight, tube-like extension of the test, which has a finely dimpled

texture. With filose pseudopodia. 30-180 ym.

The test of Cyphodernia is made up of small, adjacent
scales, but these cannot easily be distinguished
with the light microscope. Bovee (1985a) includes
several genera in this group. See also Ogden and
Hedley (1980).

Fig. 174 CYPHODERIA
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A Testis comprised of small, flattish plates. GOTO98

B Material adhering to or comprising the test is not in the form of fine plates. GOTO 101

A Aperture is at the end of a slight tubular prolongation of the test, which has very small scales that give it

adimpled appearance. With filose pseudopodia. 30-200 um long. Fig. 174 CYPHODERIA

B Aperture is ventral or apical, and the plates are large. GOTO99

A Component plates are squarish. With lobose pseudopodia. Upt to 150 umin length.
Figs 175 & 176 QUADRULELLA

178

Figure 176 Quadrulella. A lobose testate amoeba, the test
of which incorporates squarish siliceous plates (2). The
aperture (1) is apical and, like the test, slightly flattened. A
second genus, Pomonella, also with squarish test plates, has
a ventral aperture. Differential interference contrast, (Photo
Helge Thomsen.)

B Component plates are circular or ovoid. GOTO 100

A Aperture is terminal. Some species have spines as well as plates. 30-200 um. Figs 177 & 178 EUGLYPHA

B Aperture is ventral. 20-125 ym. Figs 179-181 TRINEMA
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Figure 179 Assulina. An empty test, which clossly re-
sembles that of Euglypha in having numerous overlapping,
flattened siliceous scales or plates (1). Unlike Euglypha, the
test is flattened and the aperture (2) s terminal and slit-
shaped. The scales around the aperture (not in focus) have a
toothed appearance. Organic matter in the test accumu-
lates metal jons, causing older tests 1o become brown (3).
The amoeba has filose pseudopodia. Phase contrast,

Figure 178 Euglypha. Only the shell of this testate amoeba
1s illustrated. The pseudopodia of living cells are filose and
emerge from the single apical aperture (1). The test is
compnised of overlapping, flat siliceous scales (2). In this
species, some of the scales bear spines. Euglypha is one of
the more common testate amoebae. Phase contrast.

Euglypha and Trinema have filose pseudopodia.
For more detailed studies, see Hedley and Ogden
(1974), Hedley et al (1974), Netzel (1972), and
Ogden (1979b). Taxonomic reviews are given by
Decloitre (1976a, 1979, 1981, 1982). Assulina (Fig.
179) resembles Euglypha, but there is a substantial
organic content to the test, which often looks brown
from adsorbed metal ions. Euglypha is common in
soils and mosses, and plays a significant role in soil
ecology.
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Figure 181 Trinema. A testate amoeba with filose pseudo-
podia (1). The test 1s flattened dorsoventrally, and is seen
from the ventral surface. The pseudopodia emerge from the
single subapical and ventral aperture (2), attach to the
detntus, and contract to move the cell body. The test (3) is
comprised of overlapping scales. Trinema is common in
solls (especially those with a high humus content), mosses,
and even fresh water. Phase contrast

A Thetest has a spiral shape and incorporates siliceous, sausage-like beads. The mouth is slit-like and

ventral. 90-150 um.

The genus is most usually referred to as Lesquereu-
sia. The sausage-like, siliceous beads are not found
in all species. The aperture is at the end of a neck,
which bends away from the body. Bovee (1985a)
includes several genera with this feature, dis-
tinguished mostly by the nature and appearance of
the adhering matenal. Harrison et al. (1976) give a
more detailed account.

Figs 182 & 183 LECQUEREUSIA
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B Notas 101A.
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Figure 183 Lecquereusia. Testate amoeba Detail of the
test, which incorporates curving siliceous sausages (1) that
are bound together and attached to a layer of organic
matenal The appearance of the sthoeous elements is distine-
nve. The test is slightly flattened and the aperture opens at
the end of a short protuberance. This genus is often referred
to as Lesquereusia. Differential interference contrast

GO TO 102




A Apuumhvemﬂudmm«dofﬂwte&:dumhuenddﬂemmbeummor
homs. wmmmmmmwmm - :
- I-'igs‘ 184 & 185 CENTROPYXIS

For discussions, see Netzel (1975) and Decloitre
(1978, 1979). - 2

185

Figure 184 Centropyxis. A testate amoeba with lobose
pseudopodia. Only an empty test is illustrated. The test has
a flattenad v surface, with a single aperture (1) located
near the anterior end. The shell is often brown in colour
owing to the accumulation of metal ions from the environ-
ment by the organic matenal that forms part of the test. The
test may also incorporate small particles picked up from the
environment The posterior end of the test is'drawn out into
a number of fine spines (2). Bright field.

B Apertureisapical. ~ GOTO103

A Vase-ﬁketemumbxamdmcrossmandsometinwsdrawno‘nasupikeatoneend.metea
mmdmmmmmmGMmm(m).Wﬂbmm
podia. 65-400 um. , Figs 186-188 DIFFLUGIA




Figure 187 Difflugia. The test of this common organism 1s
comprised of vanously shaped pieces of ‘grit’, adhering 1o a
layer of arganic matter. The grit may or may not be produced
by the amoeba, but some species are certainly able 10
incorporate small extraneous structures, such as diatom
shells, within the test. The body is round in Cross section,
with a circular apical aperture and sometimes with the
posterior end drawn out as a point. The pseudopodia are
lobose (see Fig. 188). Bright field.

Figure 188 Difflugia. A \estate amoeba with lobose pseudo-
podia (1), The composition of the test is illustrated in Fig
187, Active pseudopodia develop a transient axial filament
(2), believed 1o contain the molecular mechanism for motility.
The test is rounded, but has a flared collar (3) around the
aperture. Phase contrast (Scale bar 100 ym.)

B Domvemﬂyﬂammdte&.whhatemﬁulam&?uudopodhuehbose,wﬂhhegukmm—
grain-like (and/or rounded) particles making up the test. 50-280 um. Figs 189 & 190 NEBELA

For reviews of these genera, see Decloitre (1977),
Netzel (1977), Ogden and Zivkovic (1983), and

Bonnet et al. (1981b). Motility is discussed by
Wohlmann and Allen (1968).
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Figure 190 Nebela. A testate amoeba. The test is flattened,
as is the single apical aperture (1). The margin of the testis
structured like a thin flange. The test (2) incorporates
siliceous particles produced by the protist. The organism
anaches 1o the inside of the test by means of fine pseudo-
podia (3). Lobose pseudopodia, or more often an ill-shaped
mass of cytoplasm (4), project from the aperture. Differential
interference contrast




A The organism is comprised of an anastomosing system of

typically with the

cytoplasmigstrands, .
anterior aspect broader than the posterior (fan-shaped). From 30 ymtoover I mm.  Fig. 191 LEPTOMYXA
Rt aalhtS

181

This multinucleated organism has been described
by Pussard and Pons (1976). Uninucleate species
with a similar aspect are assigned to the genus
Gephyramoeba (Pussard and Pons, 1976). For sim-
ilar marine species, see Page (1983) The reticulate
amoebae closely resemble the smaller plasmodial
stages of acellular slime moulds (Olive, 1975), from
which they may be distinguished because the ebb-

B The organism is not comprised of anastomosing strands.

and-flow motion of cytoplasm that is charactenstic
of the true slime moulds is not present. Confident
identification requires the isolation of individuals,
and their maintenance in pure culture, so that the
life cycle may be studied. There is a superficial |
similarity between Leptomyxa and Arachnula (see
Step 81), and with Ripidomyxa (Chakraborty and
Pussard, 1985).

GOTO 105

A When moving, the organism may produce more than one rounded or conical pseudopodium (i.e. is

polypodial).

GOTO 106

B The organism moves as if composed of a single pseudopodium, or it has a single pseudopium from

which finer cytoplasmic

‘subpseudopodia’ extend. If there is a single pseudopodium, the cell may move by
a sequence of eruptive bulges, forming at the anterior end.

GOTO 108

A The pseudopodia are short, stubby cones, mostly emerging from the broader anterior part of the cell.

Common and voracious scavengers. 12-350 pm.

For fuller accounts, see Page (1981, 1983). The plasma
membrane is coated with small scales that are visible
only with the electron microscope (Pennick, 1975).
The organism has a distinctive pattern of contractile

Figs 192 & 193 MAYORELLA
vacuole behaviour in which the collapsing vacuole

is replaced by a hyaline halo (Patterson, 1981). One
species with symbiotic algae (Step 75).
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Figure 192 Maycrella, A common genus of amoebae with
conical pseudopodia that are relatively broad at their base,
taperning slightly towards the tip which is rounded (1) De-
veloping pseudopodia have a small hyaline cap (2). Visible
inclusions are a contractile vacuole (3) and various food
vacuoles, some of which contain ingested diatoms (4). This
genus contains many species, with a wide range of sizes.
Most are voracious scavengers and predators, consuming
detritus and many other protists Phase contrast.

B The pseudopodia are hemispherical at their leading edge.

A Cell with a single large nucleus which has a thick, folded and dimpled wall. Careful observation is

needed to see this. Up to 500 pm long.

Figs 194-197 AMOEBA

Figure 195 Amoeba. The name Amoeba is restricted to
those species that have a number of broad, rounded
pseudopodia (1) and a single prominent nucleus (2). In the
past the name was used jor many other species The nucleus
is easily seen because it has a strengthened envelope. The
surface of the nucleus is folded. Moving cells typically have
watery hyaline caps (3) at the progressing tips of pseudo-
podia. The posterior end of the cell (uroid) (4) has a
crumpled appearance (see Fig. 196). As contractile vacuoles
(5) become larger, they tend to accumulate in this part of the
cell. The surface of the cell is frequently thrown into longi-
tudinal folds (6). Cells are often opaque because of food
vacuoles (more or less absent from the cell illustrated), lipid
seen here is A proteus. It is large in comparnson with most
amoebae. Generally similar in appearance is Chaocs, which
has multiple nuclet. Phase contrast. (Scale bar 100 ym.)

GO TO 107




This genus has been extensively studied (Jeon,
1973; Page, 1981, 1984). Many species have been
uncnitically assigned to this genus, and it has re-
cently been revised to contain only a few species
(Baldock et al., 1983; Page, 1981; Page, 1988; Page
and Kalinina, 1984).

Figure 196 The uroid of Amoeba. The uroid is a crumpled
region that appears at the postenor end of naked lobose
amoebae as they move. It is believed to form as a con-
sequence of the actin-myosin interactions that propel the
cell There are a number of distinctive types of uroid, and
they may be used to distinguish different genera and
species. This is a morulate uroid Phase contrast.

Figure 197 The cytoplasm of Amoeba. The plasma mem-
brane (1) lies towards the top of the picture. The most

are released into the food vacuole as the two organelles
fuse. Also visible is a fluid-filled contractile vacuole (4), and
around it are smaller vesicles which fuse to fill the vacuole.
Mitochondria (slhightly larger than lysosomes) cluster
around the contractile vacuole. Other visible cytoplasmic
organelles are lipid droplets (5) and angular, refractile
crystals (6) (a by-product of nitrogen metabolism). All of
these organelles are carried around in the flow of cytoplasm
as the cell moves. Differential interference contrast.

B Cell with many small nuclei. Up to 1 mm long.

Superficially very similar to Amoeba, this organism
1s often incorrectly said to have not yet been found
in Europe (Siemensma, 1980). Chaos is discussed in
Jeon (1973) and Page (1976, 1984).

Fig. 198 CHAOS




' STEP
(108)

- 109
(108)

A The organism resembles a single rounded tube (i.e. is monopodial). / GOTO 109

B The body is not like a simple tube. Large or small projections may be present, or the wall may be
ridged. GOTO 112

A Relatively large (200-2000 um) and dark cells. The cytoplasm contains refractile quartz grains. The
posterior end has a villous bulb uroid. Typically from anaerobic habitats, it moves with cytoplasm flowing
forwards along a central axis, and backwards near the margins of the cell. Figs 199 & 200 PELOMYXA

Pelomyxa is now regarded as being related to
Mastigamoeba, as it has small, non-motile flagella
(Criffin, 1988). Many species have been assigned to
this genus, but it probably houses only one (common)
species, P. palustris (Margulis et al., 1990; Daniels,
1973), which is said to have a complex life cycle in
temperate regions.

Figure 199 Pelomyxa. A monopodial amoeba Dunng Eoten 509
movement a stream of cytoplasm moves along the central ' \ L [
axis of the body (1). A simple woid (2), which s villous in SR Y
some individuals, may give nse to some trailing filaments ’3
Short inactive flagella emerge from the cell surface, but e’
these cannot usually be distinquished from bactena (3)
which adhere to the cell The cytoplasm is usually opaque,
as it contains numerous ‘sand’ grains. Food, mostly fila-
mentous algae, is ingested at the posterior end of the cell
There i1s probably only one species, P palustris, which
vanes considerably in size. It is found in anoxic or micro-
aerophilic habitats, and i1s & member of the Pelobiontida
Differential interference contrast. (Scale bar 200 ym.)

B Without sand grains. GOTO110
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STEP
/
A Smallamoebae (10-35 um). The hyaline cap is usually easily seen in moving cells. Withouta 110
prominent uroid. Fig. 201 HARTMANELLA (109)
For more detailed accounts, see Page (1980, 1886)
There may be aggregative phases in the life cycle 201
: \ l;
B Hyaline cap usually absent. GOTO111
A Smallamoebae (usually less than 50 pm) with a villous bulb uroid with thread-like extensions drawn 111
out to a greater or lesser extent. Figs 202 & 203 SACCAMOEBA (110)

For further information, see Page and Siemensma
(1991).

203
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Figure 202 Saccamoeba. One of several genera of small
amoebae that have a simple, monopodial appearance
Hartmannella and Cashia are the most likely genera to be
confused with Saccamoeba. They may be distinguished by
the appearance of the uroid (1), which in this genus is of the
villous bulb type, and by the presence or absence of the
hyaline cap, which is very much reduced or absent here
Movement is gradual, ie without penodic (eruptive) buiging
of the anterior end of the cell The inclusion (2) is an ingested
item. Phase contrast
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B Small amoebae (mostly 10-20 um) without villous bulb uroid. Fig. 204 CASHIA
For further information, see Pussard et al. (1980).

A Smallamoebae (generally less than 30 um) that are tube-like (monopodial). The pseudopodia
develop in a series of eruptive bulges, often to one side of the anterior margin of the cell.
Figs 205 & 206 NAEGLERIA

This diagnosis covers a varnety of amoebae (Page,
1988) including the vahlkampfiids, which may pro-
duce flagellated stages, and the uninucleate
amoebae of the acrasid slime moulds, which have
been combined to form the Heterolobosea (Page
and Blanton, 19885). Olive (1975) gives an account of
the slime moulds. Page (1985) also compares the
vahlkampfiid amoebae with the hartmanellids (see
Step 110). Two genera of these amoeboflagellates,
Naeglernia and Tetramitus, are fairly common and
have been keyed out (Step 53) in their flagellate
form. One member of the genus Naeglena is a faculta-
tive pathogen (Martinez, 1985). For more exact
identification, pure cultures are required to enable
cyst morphology (Pussard and Pons, 1977) or the
morphology of the flagellated stage (Page, 1988;
Patterson and Larsen, 1991) to be studied.

Figure 206 Naegieria. A vahlkampfiid amoeba, forming
part of the Heterolobosea, It has been called an amoebo-
flagellate, as both amoeboid and flagellated stages may be
adopted depending on the prevailing environmental con-
ditions. This photograph shows a number of individuals in
the process of resorbing their flagella (1) as they revert from
the flagellated to the amoeboid form. Amoebae are mono-
podial, but they move with the cytoplasm bulging out at the
front of the cell in a senes of eruptions. Visible components
of the cell are the hyaline caps (2), nuclei (3), contractile
vacuoles (4) and food vacuoles (5). Some species, especially
those from warm water habitats, are facultative pathogens,
causing primary amoebic meningitis in humans They usually
enter the body as flagellates, via the nasal passages.
Species identification is a specialist procedure and cannot
be achieved by light microscopy alone. Differential inter-
ference contrast.

B Flattened amoebae, with or without fine (sub) pseudopodia emerging from the margins of the cell.
: GOTO 113
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scales. Cells 15-200 um long.

B Notas113A.

Figs 161 & 162 COCHLIOPODIUM

GOTO114

A Cells with fine pseudopodia extending from a broad hyaline zone. Usually less than 25 pm in size.

Acanthamoebae are extremely common in soils.
Bovee (1985) and Page (1976) describe several
genera of amoebae with pseudopodia emerging
from a broad hyaline front. These pseudopodia are
referred to as ‘subpseudopodia’ (Page, 1988), and
care must be taken to distinguish them from
pseudopodia of some filose amoebae, particularly
those of Nuclearia. One species is mildly path-
ogenic in man, causing keratitis, an inflammation of
the conjunctiva of the eyes, especially under con-
tact lenses. References: de Jonckheere (1983), Mar-
tinez (1985), Pussard and Pons (1977).

B Without subpseudopodia.

Figs 207 & 208 ACANTHAMOEBA

Figure 208 Acanthamoeba. An amoeba with filose ‘sub-
pseudopodia’ (1), which are short, thread-like extensions,
distinguishable from the filose pseudopodia of filose amoebae
because they arise from a clearly visible hyaline cap (2).
Major visible organelies are the nucleus (3), with a pro-
minent nucleolus, and the contractile vacuole (4). Several
food vacuoles (5) are present, but they are empty, as this
oxgaﬁ'smwatakanﬁunanaxemcmndannuemnqams
grows readily under such conditions and has become a
popular organism for experimental studies. It is abundant in
many soils. At least one species is a facultative pathogen,
causing inflammation of the eyes (keratitis), especially in
contact lens wearers Differential interference contrast.

GOTO118
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A The dorsal surface of the amoeba (30-200 ;nn)hudlqhttoldanmninglomimdimny.mwmap
is very prominent. Figs 209 & 210 THECAMOEBA

Systematics are discussed by Page (1976, 19717,
1978) and Singh et al. (1981).

orqanismwhichmdisﬁnmishedbymepmmnemblds
(l)trmemndmteorbssbngimdimnymlmvim
oeus'l'hehyalinempregion(znsnrypmnmemm
lameamgamnesvis'blemdeunceuarememmbm@),
wilhusprommentnucleoms.andmeconnacnlevacmle
(4). Phase contrast.

B Fan-shaped cells (10-80 um)withmﬂtolds.‘l'hehyalinemeispxm\inem
Figs 211 & 212(a) & (b) VANNELLA
References: Bovee, 1965; Page, 1979.

211

ALL SCALE BARS 20 um UNLESS OTHERWISE INDICATED
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Figures 212(a) & (b) Vannella. The two pictures illustrate
different species in the genus, which is distinguished by its
fan shape, with a broad, distinctive hyaline cap (1) forming
the anterior of the cell The cytoplasm contains one or more
contractile vacuoles (2) and nuclei (3). Vannella mostly eats
bacteria. The lower magnification photograph also shows
Rhynchomonas (4) and Bodo (S). Phase contrast

2 @ P
- S
C) \'4
&)
b

A Colourless organisms with cilia that are used in locomotion and/or food capture.

The ciliates are a successful group of micro-
consumers, and are encountered in most fresh-
water habitats. Their large size relative to other pro-
tozoa (the majority are 20-200um long), their fast
movements, and the variety of forms ensure that
they are often the first (sometimes the only) pro-
tozoa to be observed when searching through a
sample. Cilia are internally identical to flagella, but
they are short in relation to the length of the cell,
occur in large numbers, and usually cause fluid to
be moved parallel to the cell surface. Cilia may be
arranged in clumps, in which individual cilia may
be difficult to distinguish. Such aggregates are used
for particular types of feeding or motion. It is usual to
distinguish between cilia on the general body surface
(somatic cilia), and those used in feeding and
occurring around the mouth (buccal cilia).

Two of the three major groups of ciliates (the Oli-
gohymenophora and Polyhymenophora = spiro-
trichs) rely on buccal cilia (as illustrated in Figs 255
& 258) to create currents of water from which sus-
pended particles may be isolated and ingested.
They are filter feeders, mostly consuming bacteria,
but the mechanism has adapted or been superseded
in some species to allow the ciliates to feed on larger
particles, such as diatoms, other attached particles,

THE CILIATES GO TO 117

or algae. In Polyhymenophora (mostly hypotrichs
(Step 136)), heterotrichs (Step 161), and oligotrichs
(Step 178) the buccal cilia form a band (the adoral
zone of membranelles (AZM)) of stout blocks of
ciliary membranelles (Fig. 260). The AZM extends
from the anternor of the cell to the site of food inges-
tion (cytostome) (Figs 264 & 322).

Oligohymenophora have three membranelles
near the cytostome (Fig. 342), but they are usually
difficult to distinguish.

A third group, the Kinetofragminophora, is prob-
ably polyphyletic and is not well-circumscribed.
Many members of this group feed on large part-
icles, such as detritus, filamentous algae, ammal
tissue, or other protists. Predatory species have ex-
trusomes associated with the mouth (Fig. 279), and
these organelles are used to kill or immobilize prey.
Those that consume large algal cells or detritus usu-
ally have a tube of stiff rods (nematodesmata: Fig.
379), which is employed to manipulate particles into
the cell.

Some ciliates are normally sessile and, of these,
some do not have any visible cilia except during
larval’ motile stages (especially suctoria, which are
keyed out separately to the ciliated ciliates: see
Step 195, Figs 426 & 419).
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Somatic cilia lie in rows called kineties (Figs 339 elongate, or like a string of sausages. Ciliates divide
&369).whichnmalongthelengthofmebody.looo- bynansverseﬁsionandhaveaprooesofsemal'
motor cilia of crawling species are often confinedto  reproduction called conjugation (Fig. 344), in which
the ventral surface, and in hypotrichs (Step 136) two cells fuse together in the mouth region.
meyareinthefonnofaggregates(cirrtﬁgsaﬁO& ‘I‘h'sgroupiswellstudipd'lhebiology'mre—
262). viewed by Corliss (1979), Jones (1974) and Nanney

The evolution of cilia as a behavioural modifica- (1980), and evolution by Small and Lynn (1981). The
tion of flagella has occurred on several occasions diversity is well covered in Lee et al. (1985), Curds
among the protists (e.g. the parasitic opalines, in (1982), Curds et al. (1983) and Kahl (1930-35) with
Multicilia, Hemimastix. see Patterson and Larsen, English-language guide by Patterson (1978). Def-
BP0 D tan ailipsec Clionhnra) have SWo kinds initive identification of most species and many
of nuclei: the macronucleus and the micronucfeus MWWMWW
(Figs 348 & 357). In most species, only the former atus (Fig. 255).
can be seen easily. It may be spherical, ovoid,

B Cihmswhhamcdmn.ucemwnmmdh(mhmmo. GOTO 186

A mmmamﬂmmmmmmmwmmm
WMMMwhkhmwMummwk(mWﬁmzm&zm
Wm.m,mmllauwm.m GOTO 131

B WﬁmﬂymhedmﬂwM.mhmo«uMmahlhondadbMe,aha
lorica attached to substrate. GOTO118

A Large(uptol mm)mammpﬁ-ﬂnpedcensmnanmhammmcmamm
nnbody.mmmtﬁmmdtheammm Figs 213-216 STENTOR

Stentors may release their hold and swim away.
There may be a tube of mucus around the attached
part of the body (Fig. 216). The prominent anterior
cilia form an AZM, and somatic cilia cover the body.
Many species are coloured (green, blue (Fig. 214)
rose, brown, etc.). The large size makes this an
amenable experimental organism, and studies on it
were reviewed by Tartar (1961). For ultrastructure,
see Huang and Pitelka (1973) or Grain (1968), and
for an introduction to the taxonomic literature see
Warren (1985).
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Figure 214 Stentor (see also Fig, 215). lllustrated is S. coeru-
leus, the blue species, which 18 one of the largest in the
genus All species can attach 0 the substrate by means of a
holdfast (1), and, when relaxed and feeding, they have a
trumpet shape. Feeding is achieved by the membranelles
(2) which run around the flattened antenior end of the cell,
Le. the adoral zone of membranelles (AZM). The contractile
vacuole (3) les adjacent to the cytostome. A few somatic
cilia (4) may be seen projecting from the thin part of the ceil
Bnight field, closed condenser ins. (Scale bar 100 ym.)

Figure 218 Stentor (see also Fig. 214). Details of the arrange-
ment of kineties (1) and of the adoral zone of membranelles
of S coeruleus. At its inner end (2), the AZM descendsintoa
buccal cavity, The presence of an AZM indicates that this is
a spirotnch (polyhymenophoran), and the somatic kineties
reveal it to be a heterotrich. The blue pigment is related to
the pink coloration of Blepharisma (Fig. 325), and may be
physiologically adaptive. Differential interference contrast
(Scale bar 50 um.)

Figure 216 Stentor. This is a small, colourless species of
Stentor. However, like other species, it attaches to the sub-
strate with the narrow posterior end, while the anterior end,
with its marginal adoral zone of membranelles (1), becomes
disc-like. The beating of the membranelles is co-ordinated,
but slightly out of synchrony, resulting in a wave-like pro-
file. This kind of co-ordination is termed ‘metachronal’. The
basal end of the cell is enclosed within a mucous sheath (2),
into which the ciliate may contract. A filter-feeding rotifer
(metazoan) is also illustrated (3). Dark ground. (Scale bar
100 pm.)

The body is not evenly covered with cilia.

GOTO119
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A The ciliate occupies a rigid lorica, and may extend a spiral arm that supports the buccal cilia (an AZM).

A hypotrich. Body 150-300 um long.

Other hypotrichs, such as Stichotricha (Figs 218 &
219), may be embedded in mucus.

217 -y
,'!!?

218 ~J

Fig. 217 CHAETOSPIRA

Figure 219 Stichotricha. A hypotrich ciliate, usually en-
countered with its posterior end attached to the debris, and
usually in a lorica made of mucus (1) The adoral zone of
membranelles (2) leads from the front of the cell 1o about
halfway down the body. The cirri (3) take a spiral path on
the body. This individual contains symbiotic algae (4). Dif-
ferental interference conlrast

B Cilia apparently reduced to a band around the anterior end of the body, which is cone-shaped in most

species, and is contractile.

Peritichs may occur alone or in colonies. They are
common and widespread, being particularly evi-
dent in healthy sewage-treatment plants (pp. 190 &
191). For overall accounts, see notes after Step 116,
but for taxonomic revisions of particular groups, see
Foissner (197%a & b, 1980, 1981), Foissner and
Schiffman (1974), Matthes (1981b), Patsch (1974),
Roberts et al. (1983) and Guhl (1979). The most
widely encountered genus, Vorticella, is a tax-
onomic nightmare (see Patsch, 1974, for an account
of some more common species). These organisins
have evolved from motile Oligohymenophora, and
in adapting to a sessile, filter-feeding mode of life,
they have lost the somatic cilia. A single posterior
band of cilia develops at the base of budding larvae
(Fig. 235) to propel them after they separate from
the parental cell (Fig. 236), but a similar band dev-
elops on trophic cells should the environmental
conditions become unacceptable.

Species that attach by a secreted stalk are the
sessiline peritrichs. A second group, the mobiline
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THE PERITRICHS GOTO 120

peritrichs (Matthes ef al, 1988), have a permanent
basal wreath of cilia with which they may move
around. The mobiline species are mostly ectosym-
bionts. To confuse the issue, a few of the so-called
sessiline species appear to have secondarily lost
the stalk, and they are able to swim around (Figs 373
& 390).

In peritrichs, one of the three membranelles that
characterize Oligohymenophora, and the undu-
lating membrane, have been drawn out as the
wreath around the anterior of the body (Fig. 234). In
profile, these have been likened to two ears (see
Leeuwenhoek in Dobell, 1932). One membranelle
generates a flow of water, and the extended un-
dulating membrane intercepts particles so that they
may be passed to the mouth, which lies at the base
of a funnel-shaped cavity. Most sessiline species
are contractile, the contractile element forming a
coiling strand within the stalk (usually), and extending
into the body as a series of fine fibres.




A Species without alorica, they attach to the substrate by a stalk. GOTO 121

B Species witha lorica, and/or species without a stalk. GOTO 126

A Colonial organisms (more than two cells together).

GOTO 122

B Solitary organisms (may appear as pairs of cells when dividing). GOTO 125

At this step, care needs to be taken to distinguish
between gregarious peritrichs that retain their indi-
viduality but cluster together, and colonial or-
ganisms in which the cells are intimately joined to

Species in this genus have proved amenable to ex-
perimental examination (Suchard and Goode, 1982).
General comments are to be found in Wessenberg-
Lund (1925), and taxonomy in Bierhof and Roos
(1977).

each other. Most pentrich colonies are arbores-
cent, an exception being Ophrydium, which forms
large gelatinous masses on immersed surfaces
(Figs 244 & 245(a) & (b)).

GOTO 123
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Figures 221 & 222 Zoothamnium (with Amphileptus and
Petalomonas). Zoothamnium is a genus of peritrich ciliates
that forms arborescent colonies. Fig. 221 (differential inter-
ference contrast, scale bar 100 um) shows the general
appearance of the branching colony. A predatory ciliate,
Amphileptus (1), moves around the colony, eating indi-
vidual cells Fig 222 (Phase contrast). Generic identifica-
tion of many colonial peritrichs rests upon the details of the
stalk (1). Inside the stalk lies the contractile spasmoneme

\
a3

= b
(2). The distinguishing feature of Zoothamnium is that the
spasmoneme branches and is continuous throughout the
colony (cf Fig 223). As a result, the entire colony usually
contracts simultaneously. Also visible are the cilia used for
feeding (3); the buccal cavity (4), into which food is driven
before being enclosed in food vacuoles; and a contractile
vacuwole (5). Crawling across the stalk is a colourless
euglenid flagellate, Petalomonas (6) (¢f Figs 83 & 84), Phase

contrast.

B Emhceﬂof&eodonymwnmhﬂepaﬁmﬂy,ﬂwmmmddwdiﬁemmaemmbemg
interconnected. Cells of most species are between 50 and 120 pum long; colonies may extend to several
millimetres.

Figs 223-225 CARCHESIUM

See Kahl (1930-35), Foissner and Schiffmann (1974),
and general peritrich references for taxonomy.
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mm&a&mmAmdsmlepenm spasmoneme (2), but the spasmoneme emanating from
that forms arborescent colonies (cf Figs 220-222, 226-231).  each cell is not continuous with any others (cf Fig 222)
Plo.w(hngh!ﬂeldscalebaxlwum).shomane_nuxe Consequently, each cell can contract independently of the
colony, with numerous bell-shaped cells, each of which is entire colony. Also visible are the feeding cilia (1) and the
supported at the end of one branch of the stalk system. In buccal cavity (4).

Fig. 225 (phase contrast) the stalk (1) has a contractile

’ .
&
v et o s o N

A mw(m)mmmamm&em@mﬁmm
from the top of the body. Cell length 25-250 ym. Figs 226 & 227 OPERCULARIA

The taxonomy of this and a similar genus (Orbo-
perculana), which is distinguished by the form of
the macronucleus, is discussed by Matthes and
Guhl (1977).

e

)
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Figure 227 Operculana. A colonial sessile ciliate. The
members of the colony are interconnected by a branching
stalk system (1), There are no contractile elements within
the stalk. These organisms (like a small number of other
genera) have their feeding cilia on a small pedestal (2). Also
visible are the contractile vacuole (3) and profiles of the
macronucleus (4). Differential interference contrast.




B There is no protruding peristome. Cell length 50-350 pm, but mostly under 100 um. Colonies may
measure several millimetres. ) Figs 228-231 EPISTYLIS

Small and Lynn (1888) include three genera of col-
orual epistylids.

Figures 229 & 230 Epistyiis. A genus of sessile pernitnchs  cell contracts individually without contraction of the stalk.
that forms arborescent colonies (cf Figs 220-227). Fig. 229  Also visible are the feeding ciha (2) around the anterior end
(differential interference contrast, scale bar 100 yum) shows of the cell; the buccal cavity (3), into which food 1s passed
an entire colony. Fig. 230 (phase contrasf) shows a typical before being enclosed within a food vacuole; and various
striated stalk (1). Members of this genus lack a contractile  food vacuoles within the body of the cell
spasmoneme within the stalk (cf Figs 222 & 225), and each




232

Figure 231 Epistylis. An epizoitic growth forming a muff on
the surface of a copepod. Epizoites are organisms that grow
on the outside of other animals, but they probably do not
cause any harm. The relationship illustrated here is hikely 1o
be a facultative one, in which the ciliate gains food from the
movements and feeding currents of the metazoan. Epistylis
is not the only peritnich ciliate encountered as an epizoite
on copepods. Dark ground

A Witha contractile stalk. Length of cell varies from species to species; most are between 20 and
200 pum, most commonly 40-80 pum. Figs 232-236 VORTICELLA

special preparative procedures are needed to disan-
guish them (see Curds et al., 1983)

128
(121)
Vorticella is a very common genus, the taxonomy of '
which is confused (see notes after Step 119). Some
genera other than Vorticella will key out here, but

Figure 233 Vorticella. A common peritrich ciliate. The only
. cilia that are present are the wreaths of feeding cila (1)
made of an upper band (1), which corresponds o a mem-
‘ branelle and generates currents of water for feeding; and a
| lower band (2), which corresponds to the undulating mem-
brane (see Fig. 234). Food is passed through a buccal cavity
¥ . (3) before being packaged within food vacuoles (4). Many
\ peritrichs are supported on stalks. This makes them vul-
- nerable 1o predators. Some protection is provided by stalk-
) contractlity, afforded by a spirally contractile thread or .
\ spasmoneme (5), The contractile elements of the spasmo- &
neme pass into the body (6). Differential interference con- o

{rast,
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3 Figure 234 Vorticella (with Monosiga). lllustrated are the
’ ciliary organelles involved in the capture of food. The cilia
emerge along the inner margin of a rim (1) at the upper face
of the bell-shaped body. The currents are created by the
upper band of cilia (2). which beats with a co-ordinated
41 wave-like pattern. Individual cilia are visible. The current

‘ passes through a lower comb-like band which is visible in
- profile (3). The collar flagellates (4) use the Vorticella for
support. The central undulating flagelium and the collar are
visible in one of the flagellate cells (4). Differential interfer-
ence contrast

Figure 235 Vorncelia diniding Like many sessile protozoa
Vorticella produces a motile daughter cell. It is called a
swarmer or telotroch larva. The daughter cell (1) develops
near the base of the parental cell (2). The daughter cell has
an additional wreath of cilia, the trochal band (3). which is
used for propulsion (see Fig. 102) The basal trochal ciha
are lost after the larva has found somewhere to settle
Trophic celis may also produce a basal band of cilia under
unfavourable conditions Phase contrast

Figure 236 A pentrich telotroch larva. Hlustrated 1s a motile
swarmer produced by cell division This cell may swim
around until it finds a suitable place to settle, Propulsion
occurs by means of a basal wreath of cilia (1). The anterior
end of the cell (2) is pulled in, so that no feeding occurs
Consequently, no food vacuoles are present in the cell, but
the buccal cavity (3) and a part of the macronucleus (4) are
visible, Differential interference contrast

B Witha non-contractile stalk. Cells 20-100 um long. Fig. 237 RHABDOSTYLA

Single cells of Epistylis (see Step 124) may satisfy
this diagnosis. Most reports of Rhabdostyla are of

ectosymbionts of invertebrates, For taxonomy, see
Foissner (1979) or Guhl (1979).
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A Without alorica. The cell attaches directly to the substrate with its narrowed posterior end. There is no
stalk or the stalk is indistinct. Cells 20-100 um long. Fig. 237 RHABDOSTYLA

B Celllocated ina lorica. Only the anterior portion of the cell extends while feeding. GOTO 127
A Thelorica lies along the substrate, to which it is attached. GOTO 128
B The loricaisattached tothe substrate by its posterior end. : GOTO 129

A Cellattached toa lorica along all or part of its length. Usually with a flap-like structure at the opening of
the lorica. Mostly described as ectoparasites from crustacea. Lorica 50-100 pm long. LAGENOPHRYS

See Kane (1965) for a guide to the genus. Smalland Walker and Roberts (1986) for a recent study.
Lynn (1985) refer to it as Circolagenophrys. See

B Cellsattached to the lorica by their posterior ends. Lorica without a flap. Lorica 80-150 yum long.

Fig. 238 PLATYCOLA
See Warren (1982) and Warren and Carey (1983) for
guides to the genus. 238
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STEP

129 A Lorica with an internal flap which closes behind the organism as it withdraws into the lorica. Cellsup to
(127) 200 ymin length. Fig. 239 THURICOLA

See Eperon (1980) for comments on this genus,
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B Lorica without a flap. GO TO 130

&) A Thelorica hasa stalk. Cells of most species are 50-150 um long. Figs 240 & 241 COTHURNIA
i ¢

For a discussion of this genus, see Matthes and Guhl
(1973).
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Figure 241 Cothurnia. A lonicated peritrich ciliate. The only
visible cilia are those that form a wreath (1) around the
antenor end of the cell These lead into the buccal cavity
(2), where food vacuwoles are formed. The contractile
vacuole (3) lies alongside the buccal cavity. The surface of
the cell is finely striated (4). The lorica is organic and sits on
a short foot or pedestal (5). Differential interference con-
trast
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B Thelorica attaches directly to the substrate. Most species are 50-200 um long.

A Celis that normally crawl against the substrate.

Care is needed as many gliding ciliates may swim,
although they do not normally do so. It is best to
leave preparations for several minutes until cells
have settled into their usual patterns of behaviour. In
preparations that are drying out or are otherwise

Figs 242 & 243 VAGINICOLA

Figure 243 Vaginicola. A loricated pentrich ciliate. The
only cilia that are evident are those in wreaths at the anterior
end. The cytoplasm of this species is green (2) owing to
symbiotic green algae. The ciliates-project from the lorica
(3) when feeding, but can contract into it for protection
when stimulated, e.g. by vibration. It is not uncommeon for
two cells 1o inhabit the same lorica. A contractile vacuole (4)
is visible. The lonica is attached to a filament of the green
alga, Cladophora. Phase contrast.

GOTO 132

compressed, swimming ciliates may be squashed,
and thus incorrectly interpreted as gliding. Gliding
species are often flattened, preseriting one (ventral)
surface of their body to the substrate, whereas
swimmers may twist or rotate.

B Cellsthat do not normally crawl over the substrate, but either swim freely or are embedded inthe

substrate.

GOTO 154
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Figures 244 & 248(a) & (b) Ophrydium. A colonial sessile  the colony, at progressively higher magnifications (diffleren-
peritrich cihate. The individual cells are embedded in a tal interference contrast). The cells are green because

gelatinous matrix. Fig. 244 shows how the colonies (1) may they contain symbiotic green algae (3). The wreath of feed-
appear to the naked eye on the surface of a rock (% %£). The ing cilia (49) is visible at the anterior end of some cells
two paris of Fig. 245 show the cells (1) within the matrix (2) of

A Small, flattened cells with a small number of prominent cirri on the ventral surface. Feeding structures

(131) are not obvious, Cell length 20-100 pum. Figs 246 & 247 ASPIDISCA
fi- Aspidisca is a common genus, the dorsal surface of  patch of membranelles lying in the posterior half of
L i which may be ridged, with the margins pulled out the cell. For taxonomy, see Wu and Curds (1979). A
n\-\' into small spikes. The mouth is comprised of a short  hypotrich (see Step 136).
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Figure 246 Aspidisca. This genus includes some of the
smallest hypotrich cihates. However, members of this
genus are unlike other hypotrichs because the adoral zone
of membranelles (1) does not form the characteristic collar-
and-lapel arrangement. Instead, the AZM is mounted on a
short stalk, and appears 1o be used to sweep the substrate.
An anterior segment of the AZM (2) is visible, but it is usually
not possible to see it The organism can usually be identi-
fied by the small number of strongly developed cirri on
which it moves. The transverse cirri (3) are relatively easy
to see; the remainder form the frontoventral cluster. The
body is stiff and the margins may be drawn out into short
spikes Phase contrast

B Ciliatesthatcleaxlyhaveamomh.ormwluchthelocanonofthemomhmeasytoudennfybecauseof
obvious mouth-associated structures. GOTO 133

Mostly with an adoral zone of membranelles (AZM) (Kinetofragminophora), or with a ventral mouth sur-
(mostly hypotrichs), or having a polar or lateral rounded by stout nematodesmata (hypostomes).
mouth with associated extrusomes for food capture

A Cells with feeding cilia. These usually lie anterior to, or in, a buccal depression, into which the
cytostome opens. GOTO 134

Most species that key out through this step are hypo- as a band of parallel lines (the bases of the mem-
trichs (see notes after Step 136) or heterotrichs (see branelles) leading from the anteror pole of the cell
notes after Step 161). Both are Polyhymenophora around the left anterior margin of the cell to ter-
with an adoral zone of membranelles (AZM), evident minate at a ventral cytgstome (Figs 255, 258 & 261).

B Cells without well-developed feeding cilia around the mouth, but with extrusomes or nematodesmata
(rods). GOTO 144
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A Without an adoral zone of membranelles (AZM). GOTO 135
B Withan AZM. GOTO 136

A Flattened cells with a rounded profile, and a large ventral mouth cavity containing a few strongly
developed membranelles. Dorsal and ventral body surfaces have 10-20 rows of cilia. Cells between 30 and
150 pm long. Figs 248 & 249 GLAUCOMA

Fenchel and Small (1980) give an account of the
biology of this genus, while Peck (1978) discusses
the ultrastructure and Corliss (1971) the taxonomy.

e
>

@)

e
—

Figure 249 Glaucoma. Members of this genus are flattened,
with the mouth on the ventral side (as shown here). The
three membranelles (1) associated with the mouth are very
well developed; they may be used to brush particles of food
(which adhere loosely to the substrate) into the mouth. Also
visible is the undulating membrane (2), a part of the buccal
ciliary apparatus. Near the posterior end of the cell is a
contractile vacuole (3), which here has the pore in focus
The organism is evenly ciliated Differential interference
contrast.

L

B Flattened, rounded cells with a grooved dorsal surface and several long cilia trailing behind. Mouth
ciliature not strongly developed. Cells mostly 15-40 umlong. Figs 250 & 251 CINETOCHILUM

Taxonomy is discussed by Jankowski (1968), and
structure by de Puytorac et al. (1974).
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Figure 251 Cinetochilum. A common bacterivorous ciliate
The organism is flattened, and the mouth (1) and its associ-
ated ciliature are evident in the posterior part of the cell
The organism is distinctive because of the relatively long,
tralling ciia (2) and the undulating appearance of the
‘dorsal' surface (3). Food vacuoles (4) and a contractile
vacuole (5), which are located more posteriorly, are also
visible. Phase contrast

A Body with kineties (a heterotrich, see notes after Step 157). May be green with endosymbiotic algae.

Cells 100-300 pm long.

See Peck et al. (1975), Fischer-Defoy and Hausmann
(1981) and Foissner (1980a) for accounts of this
genus. Other genera in this territory are Con-
dylostoma (Fig. 320) and Peritromus, which are
more usually encountered in brackish or marine
sediments,

Figs 252 & 253 CLIMACOSTOMUM

Figure 283 Climacostomum. A flattened heterotrich, with
the adoral zone of membranelles (1) curving around the
front of the cell, and leading into a well-developed buccal
cavity (2). A portion of the macronucleus (3) is evident, as is
the contractile vacuole (4). The green colour is caused by
endosymbiotic green algae in the cytoplasm. However, not
all species are green Despite the presence of algae, this is
a voracious feeder, taking in suspended or small particles
Diffsrential interference contrast
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B Cells without even body ciliature, but with cirri (blocks of cilia) in groups or rows on the ventral surface

of the body.

Hypotrichs use the cirmi to ‘walk’ over the substrate.
They create currents of water with the adoral zone
of membranelles (AZM) and extract bactena or
other small suspended particles, although some
species use the AZM to brush diatoms or other items
from surfaces, so that they can be eaten Some
species have the cirri arranged in a few small
groups (sporadotrichine), but most have them in two
or more rows (stichotrichine). Small and Lynn (1985)
have segregated these two types, as if to suggest
that they are only distantly related.

A Withstiff bodies.
B Withflexible or contractile bodies.
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HYPOTRICHS GOTO 137
Hypotrichs are common. There are many genera,
and these can only be distinguished by mapping out
the location of the cirri. This usually requires silver-
staining (Figs 254 & 255). This Guide assumes that
silver-staining facilities are not available, and gen-
eric identifications must be regarded as imprecise.
Different categories of cirri are identified from their
Jocation (marginals, frontals, fronto-ventrals, caudals
(Fig. 254)). Small bristles may protrude from the
dorsal surface. See Borror (1979), Foissner (1982)
and Fleury et al. (1986) for accounts of the group.

Figure 2565 Pattersoniella. A hypotrich stained with protargol
as the tubulins in cilia and the histones on nuclei. The stain is
required in order to show the positions of cirri in systematic
studies on hypotrichs. In this photograph the stain reveals
the closely packed cilia of the adoral zone of membranelles
(1), and of the marginal (2) and frontoventral cirri (3) (see
Fig. 254 for terminology); the macronuclei (4) and micro-
nuclei (8); and the cilia comprising the undulating mem-
branes (6). Bright field, closed condenser iris.

GOTO 138
GOTO 139




A Withthree prominent tail (caudal) cirri, and marginal rows of cirri that do not form a continuous line

One of the largest hypotrichs, Stylonychia is com-
mon. Species are described by Ammermann and
Schlegel (1983), and Wirnsberger et al. (1985); be-
havioural biology by Machemer and Deitmer
(1987); and electron microscopy by de Puytorac et
al. (1976).

Figs 256-258 STYLONYCHIA

Figure 257 Stylonychia. This genus includes some of the
largest hypotrich ciliates found in temperate freshwaters.
The cell body is rigid, with a well-developed adoral zone of
membranelles (1). The genus may often be distinguished
by the three long caudal cirni (3). One or two other genera
have similar caudal cirn, but in Stylonychia, although the
marginal cirri (3) form rows along the sides of the body, they
do not continue around the posterior end. The two parts of
the macronucleus (4) are easily seen Differential interfer-
ence contrast.

—

Figure 288 Stylonychia (cf Fig. 257). This view illustrates a
number of the features that characterize hypotrich ciliates.
They have a well-developed adoral zone of membranelles
(1) which forms a collar around the front of the cell, and a
lapel leading to the cytostome on the ventral surface. Most
species principally have locomotor cilia on the ventral sur-
face, and these are in the form of ciliary aggregates called
‘cirri’, In some species, these form rows very much like
kineties; in others, as in Stylonychia, most or all of the cumn
are in clusters. These include marginal cirri (2) at the lateral
margins of the cell, an angled line of transverse cirri (3) near
the posterior end of the cell, perhaps some caudal curi
(present in this genus, but not illustrated here - see Fig.
257), and patches of frontoventral curi (4) extending from
the anterior part of the body and down the ventral surface.
Differential interference contrast.
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B Without protruding tail cirri, and without complete marginal rows of cirri. Dorsal surface may be

ridged. Body 30-100 um long.

Common and widespread, this genus is described
by Curds (1875), Gates (1978), and Hill and Reilly
(1976). Uronychia (Fig. 262), with strongly developed
cirr, is related, but is more commonly found in marine
or brackish waters.

Figs 259-261 EUPLOTES

Figure 260 Euplotes (cf Fig. 261). A common and wide-
spread hypotrich ciliate. This unfamiliar view from the side
of the ciliate effectively illustrates how the ventral cirri (1)
that characterize hypotrichs are used for movement over a
substrate. The adoral zone of membranelles (2) draws a
current of water under the cell towards the ‘cytostome.
Suspended particles may then be removed by the ciliate
from the current Phase contrast.

|IML
A ] “‘i :
S

Figure 261 Eupiotes (cf Fig 260). A view of the ventral
surface of this hypotrich ciliate. The adoral zone of mem-
branelles (1) forms a collar around the front of the cell and a
lapel leading to the cytostome (2), To the (cell's) right of the
mouth 1s the undulating membrane (3). The locomotor cilia
are in several clusters, the most obvious of which is the line
of transverse cirri (4). Others include the frontoventrals (5)
and the caudal cirn (6). An out-of-focus contractile vacuole

(7) 1s also evident. Differential interference contrast

Figure 262 Uronychia. One of the more heavily skeletalized
hypotrich ciliates. The transverse cirr are extremely well
developed (1) and appear 10 be totally immobile. However,
these cells may jump quickly, and the cirri are perhaps
brought into use then, This kind of hypotrich (there are
several similar genera) does not walk, but swims or glides.
presumably using the adoral zone of membranelles (2)
Phase contrast




A Cells with no more than two complete rows of cirri on the ventral surface, although other cirri may be
present either singly or in small groups. GO TO 140

B More than two complete rows of cirri. GOTO 141

A The marginal rows of cirri are continuous around the posterior end of the cell. The other cirri are notin

discernible rows. Body 40-200 um long. Fig. 263 OXYTRICHA
Foissner and Adam (1982) provide an introduction 263
to the diversity in the genus. A 4
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B The marginal rows do not meet around the posterior end of the cell. Some species are contractile. Body
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50-200 um long. Figs 264 & 265 TACHYSOMA
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Figure 265 Tachysoma (and a heliozoon), This hypotrich
has well-developed (immotile) dorsal bristles (1) which
might be confused with cim. Some of the marginal cirm (2)
can be seen, and the transverse cirn (3) are very obvious
The adoral zone of membranelles (4) has the typical collar-
and-lapel arrangement. A contractile vacuole (5) is visible
Also evident in the picture is a centrohelidian heliozoon (6),
recognizable as such by the narrowness of the arms and the
prominence of the extrusomes Phase contrast

(137)

140
(139)
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A Asndohmddmmmﬁmvinﬂm txomtheremutheﬂgmom\enmhto

more than halfway along the cell. Body 70-300 pm long. ' Fig. 266 AMPHISIELLA
See Foissner (1982, 1984) for discussion of this 266
genus.

B There is more than one row of cirri in addition to the marginal rows. GOTO 142

A With two rows (alternating, zigzag pattern) of cirri running along the middle of the ventral surface of the
body. GOT0143

B Cells with two or more (typically 4-12) ventral rows of cirri in addition to the marginal rows. The
mmndmhhmnypam.andthocenhsarom\dedpmﬂorend.nodym pm long.
Fig. 267 UROSTYLA

See Borror (1979) and Foissner (1984c) for a discus-
gion of this genus.

A Pommendroundod.nodyso-m pmlong. Figs 268-270 HOLOSTICHA
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Figure 269 Holosticha. Whereas many hypotrichs are rigid
and have cilmi in clusters, others, like Holosticha, are flexible
and most of the cirri are in rows. As with all hypotrichs,
there is an adoral zone of membranelles (1) in a collar-and-
lapel arrangement at the anterior of the cell The site of the
undulating membrane (2) is evident Most cim are deployed
mthxeelonmmdumlrowscomsunqolone(mq)hneo!
midventral cirri (3) and two marginal rows (4). Only one
marginal row can be seen clearly here. There is also a
cluster of longer, postenor, transverse cirri (5) and a cluster
of anterior, frontal cirni (6). Differential interference contrast

Figuwre 270 Epiciintes A flexible hypotrich commonly
found in marine habitats However, this individual was en-
comleredmsedxmemshomaverylowsaluutymnne
site. Visible are the adoral zone of membranelles (1), and
the marginal (2), midventral (3) and transverse (4) cim
Phase contrast (Scale bar 100 ym )

B Posterior end tapering. Body 50-400 pum long.

There is some debate as to whether ciliates with this
form should be placed in one genus or two, the

second being Paruroleptus (Curds et al, 1983
Borror, 1979).

Figs 271 & 272 UROLEPTUS

.
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Figure 272 Paruroleptus. A flexible hypotrich ciliate in
which the locomotor cirri are in rows. Just visible in this
plctmea:emenmgimlxo'vsofvemralmn(l)andpost-
eriorly, a few of the cirn of the midventral rows (2) which
extend from the anterior of the cell The cell has the typical
collar-and-lapel arrangement of membranelles (3) at the
amemxendo!lheoell'misqenus(mdsomeolbexhypo
trichs, e.g Fig 264) has immotile dorsal bristies (4) which
may be mustaken for cirri. The two parts of the macronucleus
(5) may be seen. Differential interference contrast
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A MWWW&W&MW&“MWM
the cell. . e GOTO 145

B Mouthlocated either along the anterior lateral margin of the cell, dmgtheluenlmxgin,otv;gr;noyl ;
B

A mmmdmm.wmmmmummmmmbodym

ameﬁmb.udameamahndaxdhmynmumduwmmmx.meymmwﬁmsmm

food into the mouth. The rest of the body is evenly ciliated. Body 40400 um long.
; Fig. 273 TRACHELOPHYLLUM

Trachelophyllum closely resembles Chaenea (Fig.
274), the front end of which is stiff

/
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Figure 274 Chaenea and Mesodinium. About half of the
Chaenea cell is visible (1). The organism s long and wormi-
like, with a mouth (2) at the apex of the cell It is evenly
ciliated (3). Alongside is Mesodinium (4). This small ciiate
is mostly encountered in marine or brackish water habitats,
where it is common and widespread, but it 1s occasionally
found in freshwaters It has a waist region from which two
systems of cilia arise: one lies in contact with the postenor
half of the cell; the remainder stick out, like cirri. A number
of capitate tentacles (6) project from the front of the cell
Mmybetrbediftheoellismbyectedbm\anml
shock Differential interference contrast

B Mouthregion flattened (spatulate). GO TO 146
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A The mouth is broadly spatulate, being the widest part of the body. With a single posterior contractile
vacuole, and extrusomes underlying the mouth. Body 30-400 um long. Figs 275 & 276 SPATHIDIUM

Williams et al. (1981) and Foissner (1980, 1984) pro-
vide an introduction to the appropriate literature.

218

Figure 276 Spathidium (sensu lato). A flattened predatory
and scavenging ciliate that is found in soils as well as in fresh
water. Extrusomes underlie the angled mouth (1) at the
anterior of the cell Also wisible are the cilia (2) and the
contractile vacuole (3). A long, meandering macronucleus
(4) 1s just discernible. Differential interference contrast.

B Althoughthe mouth is broadened, it is not noticeably the widest part of the cell. With many contractile
vacuoles. Length 150-650 pm. Figs 277-279 HOMALOZOON

The most common species is H vermiculare,
studied by Kuhlmann and co-workers (1980) and by
Weinreb (1953a & b).

ALL SCALE BARS 20 um UNLESS
OTHERWISE INDICATED
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Figure 278 Homalozoon. A flattened, nbbon-like, slightly
contractile predatory cihiate, normally found gliding along
or within detritus. At the anterior end s an arc of klling
extrusomes (toxicysts) (1), indicating the location of the
mouth (cf Fig. 279). A line of contractile vacuoles (3) and
some of the kineties (2) are also evident. Phase contrast
(Scale bar 100 ym.)

Figure 279 Homalozoon. Detaill of the antenor end (cf Fig
218). Individual extrusomes (1) ie under the mouth. Slightly
behind the mouth is a parapharyngeal mass (2) of refractile
granules, the function of which is not well understood, but it
has been observed that it is used up during feeding. Also
visible are ciha (3), kineties (4) and contractile vacuoles (5).
Phagse contrast.

A The mouth stretches along an anterolateral margin of the cell. The mouth is usually delineated by the

presence of underlying extrusomes.

B The mouthis located ventrally, and is typically surrounded by a nasse or basket of rods.

GOTO 148

GO TO 150

A The mouth takes the form of a concave depression near the front pole of the cell. No extrusomes. Body

100-600 pm long.

The body 1s vacuolated, but has no contractile
vacuole. Refractile spherules are present (Miiller's
bodies) and help to onentate the cells (Finlay and
Fenchel, 1986). The cell may have a golden colour
which i1s most obvious in the vicinity of the cyto-
pharynx, which leads from the cytostome into the
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Figs 280 & 281 LOXODES

cell. The cells are very flexible, and are from an-
aerobic habitats, sediments and the water column.
For ecology, see Finlay and Fenchel (1986), and for
fine structure, see Njiné (1970), and Foissner and
Rieder (1983). Often found with Spirostomum teres
(Fig. 322).



Figure 280 Loxodes. Usually encountered in microaerophilic
r habitats such as anaerobic sediments or bodies of water i
which thermal stratification has occurred. The organism is
flattened, with a concave buccal region (1). From this area
leads a cytopharynx (2), around which golden gramles
cluster. The entire cell may have a golden hue. The cilia (3) v

lie in kineties (4) on both faces of the bedy. The organism

K belongs to the Karyorelictida, a group of ciliates distinguished i
\ by the fact that the macronuclei (5) are incapable of division.

4 Care must be taken not to confuse the macronucle: with

1 Milller's bodies (6), which are sensory organelles. The cells

will eat a vanety of foods, mostly consuming algae (7) and

bacteria. Phase contrast.

B The edge that supports the mouth (with extrusomes) is convexly curved. GOTO 149

along that edge of the body. Macronucleus arranged in a series of interconnected beads. 50-400 ym long.
Figs 282-284 IDXOPHYLLUM

Although quite common, Loxophyllum is a little-
studied genus. See Fryd-Versavel et al. (1976) for a
descriptive study, and de Puytorac and Rodrigues

de Santa Rosa (1975) for electron microscopy.
"
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} A Theaboral edge of the body bears warts. A long canal extends from the lateral contractile vacuole and




Figure 283 Loxophyllum. A flattened predatory ciliate that
giides along the substrate. The mouth hes along the outer
(convex) edge of the body (1), its presence being strongly
suggested by the numerous extrusomes (2) In this area
Perhaps more distinctive, however, are the warts (3) of
extrusomes at the other lateral margin of the cell The
contractile vacucle (4) and a long collecting canal (8) also
lie along this edge of the cell. A beaded macronucieus (6)
and kinetes (7) are visible. The cell is contractile. Interfer-
ence contrast

Figure 284 Loxophyllum. Detall of the anterior end of the
cell. Numerous extrusomes (1) lie below the buccal region,
which extends along the edge of the cell Further ex-
trusomes may be seen forming the warts (2) on the other
lateral margin. Cilia (3) and kineties (4) are evident, as are
the contractile vacuole canal (5) and the nodes of the mac-
ronucleus (6). Phase contrast

B No warts, with a single posterior contractile vacuole, and usually with the macronucleus in two parts.

40-500 pm.

Cilia are present in parallel rows on both flat sur-
faces of the cell However, in the similarly shaped
and behaved Amphileptus, the kineties on the
upper (right) surface converge to the centre line
anteriorly, and those on the ventral (left) surface
may be reduced. Another genus, Hemiophrys, for a
long ime erroneously thought to have no cilia on the
ventral surface, has been taxonomically merged
with Amphileptus (Foissner, 1984b). Members of the
genus are predatory (Fig. 221). For further refer-
ences, see Dragesco (1966), Fryd-Versavel et al,
(1975), and Wilbert and Kahan (1981).
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Figs 285-287 LITONOTU:
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Figure 286 Litonotus. lllustrated 18 a small species in the Figure 287 Litonotus This species, L. cygnus. 1s a very
genus (cf. Fig. 287) All members are flattened predatory or large and elegant member of the genus (sometimes spelt
scavenging ciliates. The mouth region is on the convex Lionotus) (cf. Fig 286). The ingestion region is extended
anterior and lateral margin (1), under which may be seen jiving the appearance of a long neck (1) Two macronucle:
some of the extrusomes (toxicysts) (2) that are used in food (2) lie in the centre of the of each cell and a contractile
capture. The cilia (3) lie in kineties (4), and are particularly vacuole (3) car be see ar the postenor of this reqion
well developed on the surface that is in contact with the The cilia are no this picture. The cells are con
substrate (referred to as 'ventral’ by some, or 'the nght side tractile. Dark ground. (Scale bar 100 ym.)

by others). There are two rounded macronuclel (5), be
tween which lies a single micronucleus (6) The contractile
vacuole (7) lies near the posterior end of the cell Phase
contrast

A Cellsonly slightly flattened. The mouth lies ventrally, and can be seen with care. There are numerous
extrusomes and one or two contractile vacuoles, in some cases with distinctive radiating collecting canals.
The cells are algivorous, mostly eating diatoms or desmids. Species vary greatly in length, from

50-600 pm. Figs 288-290 FRONTONIA
Mostly found associated with the substrate or det- 288 e

ritus, but occasionally encountered in the water j

column, Frontonia is related to Paramecium. Both 1

genera have similar star-shaped contractile vacuole '3 '@

complexes. The food may be larger thar the cihate, ; 1

thus distorting it. The mouth is often difficult to see, BN ¢ !

as are the rods that surround it. See Didier (1970) for i '-m:i

electron microscopy, and Kahl (1930-1935) for des-
criptions of species.
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Figure 289 Frontonia. This species contains symbiotic
green algae (1). There is a single large contractile vacuole
{2) from which collecting canals (3) radiate to most parts of
the body. The macronucleus (4) s visible, as are the in-
chocysts (5), which are like those found in Paramecium, 1o
which this genus is related (see Fig. 344 and those follow-
ing). Differennal interference contrast (Photo Marina
Christopher.) ( Scale bar 100 ym.)

Figure 290 Frontonia Although this genus is related to Par-
amecium, it does not feed on small suspended particles,
such as bactena, but on larger particles of food, such as
desmids or, as here, diatoms (1). The buccal region, with its
associated cilia, is not indented as in Paramecium, but hes at
the surface of the cell (2). Around the mouth are microtubular
rods (nematodesmata) (3) which are used to manipulate
food into the mouth. Also visible are the macronucleus (4),
tnchocysts (8), cilia (6) and a collection of green droplets (7)
of unknown function. Differential interference contrast.

B Notas 150 A. With a basket of rods around the mouth, and/or cells distinctly flattened. GOTO 151

A Thebody is flat, with a ridged surface. Extrusomes are associated with each ridge. There is one central
contractile vacuole (with vesicular ampullae which appear shortly before the vacuole collapses). The

mouth is located near one edge of the cell. Feeds on blue-green algae, and in well-fed cells the mouth may
be difficult to see. 50-100 um long. Figs 291 & 292 PSEUDOMICROTHORAX

P. dubius has been studied in depth by Hausmann
and Peck (1978), and Peck (1985).
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Figure 292 Pseudomicrothorax. A flattened algivorous ciliate,
the surface of which is thrown into well-developed folds (1)
Extrusomes (2) are located along the grooves. The ventral
surface of the cell is in focus, and the mouth (3) lies near the
antenor end of this surface The cell ingests filamentous
blue-green algae, which accounts for the colour inside the
cell. Also visible are the region of the contractile vacuole (4)
(the vacuole itself being out of focus) and the cilia (5)
Differential interference contrast

B Noevident ridging or extrusomes.

GOTO 152

A Witha cross-banded, ridged groove parallel to and near the margin of the cell. Cilia limited to ventral
surface. Some species with an orange ‘eyespot’. Mostly eating diatoms. 80-150 pum long.
Figs 293 & 294 CHLAMYDODON

For a discussion of this genus, see Kaneda (1960).

Figure 294 Chlamydodon. A flattened ciliate with a basket
or nasse (1) of microtubular rods (nematodesmata) opening
on the ventral surface of the cell. Members of the genus use
the nasse to manipulate larger particles of food, such as
diatoms, into the cell The genus is distinguished by the
striated band (2) that lies near the margins of the ventral
surface, and by an anterior orange spot (3). Contractile
vacuoles (4) and the region of the macronucleus () are
evident, Phase contrast
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B Without a striated groove. : GOTO183

A Witha posterior adhesive spike. Small, mostly under 50 um in length. Figs 295 & 296 TROCHILIA
=

_

Figure 296 Trochilia A flattened hypostome ciliate that is
similar to Chilodoneila (Fig. 298). This photograph offers a
side view of the ciliate as it crawls across the surface of a
Spirogyra filament (1). The cilia (2) are mostly on the ventral
surface. A basket or nasse (3) opens on the ventral surface
of the cell, where it is best placed to detach adhering
bacteria and other particles of food Differential interfer-
ence contrast

B Without a posterior adhesive spike. Mostly 40-120 um long.

The previous three genera are typical members of

the hypostomes; mostly they consume bacteria or 297
small attached algae. The biology and systematics

of the group have been described by Deroux (1970,

1976a, b & c). Chilodonella has an unciliated mid-

ventral patch, while the closely related Trithig-

mostoma (Fig. 299) does not (Jankowski, 1967b;

Foissner, 1988; Hofmann and Bardele, 1987).
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Figure 298 Chilodonells. A flattened ciliate with a well-
developed basket or nasse (1) of microtubular rods (nemato-
desmata). At their anterior ends, the rods have ‘teeth’ (2)
which surround the cytostome on the ventral side of the cell
(see Fig. 299). For this reason, the group of ciliates fo which
Chilodonella belongs has been referred to as the hypo-
stomes. The rods are used to manipulate bacteria (3) or
other small particles into the mouth. Also evident in this
picture are the macronucieus (4) with an adpressed micro-
nucleus (5), two contractile vacuoles (6) and the cilia (7).
Differential interference contrast.
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Figure 299 Tnthigmostoma. lllustrated is part of the ventral
surface of this hypostome ciliate. It is closely related to
Chilodonella (Fig. 298), but as the photograph is a surface
view, only the anterior tips of the microtubular nemato-
desmata (1) around the cytostome (2) are visible. The pic-
ture shows the bases of the individual cilia and the distribu-
tion of kineties on the ventral surface, with slightly larger
dark mitochondria lying near some of the anterior kineties,
The contractile vacuoles and macronucleus are not in focus.
Differential interference contrast.

A Spmdh-dmpedoenswnhabw.hiqmynwbﬂemcksupmmmumdedmnha&wMumny

embedded in detritus. The cell may extend up to 1 mm.

In one common species, L. olor, the extensible neck
appears to probe for food. Smaller species with less
extensible necks are usually placed in the genus
Phialina (Fig. 303). See Tatchell (1981) and Bohatier
et al. (1970) for structure, and Foissner (1983) for
taxonomy.

Figs 300-302 LACRYMARIA
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Figure 301 Lacrymana. A spindle-shaped cell, shown here
with the neck’ (2) characteristically greatly extended and
with the 'body’ drawn out (2) (cf Fig. 302, which is of the
same organism). The ‘mouth’ is located in the expanded
region at the tip of the neck (3). Lacrymaria extends and
withdraws the neck as it probes for food (here mostly ron
bacteria), usually with the posterior end of the body
attached to the detnitus. Phase contrast.

Figure 302 Lacrymana. This organism i1s normally found
with the expanded ‘body’ (1) of the cell embedded in det-
ritus, and with the antenor ‘neck’ (2) darting in and out. The
neck, which is remarkably extensible, probes the water
and the substrate for suitable food. The organism feeds on
other protozoa or detritus. At the tip of the neck is the ‘mouth’
(3) armed with extrusomes for catching prey. The body is
ciliated (4), with the cilia lying in spiralling kineties (8). A
large macronucleus (6) lies in the centre of the cell, and a
contractile vacuole (7) is visible at the posterior end. Dif
ferential interference contrast (Scale bar 100 ym.)

Figure 303 Phialina. A torpedo-shaped ciliate, round in
cross section, and in many ways very similar to Lacrymaria
(Figs 301 & 302), from which it has only recently been
distinguished. There is an anternior differentiated mouth
region (1) with extrusomes and a cluster of long cilia. Inside
the body, a macronucleus (2) and contractile vacuole (3) are
visible. Unlike Lacrymana, the cell does not have a con-
tractile neck Differential interference contrast
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B Notas 154 A. Cells usually moving freely through the water. GOTO 155
A Rounded cells, moving in bounds separated by short pauses. No rows of somatic cilia, but with a row of 155
equatorial spikes. An adoral zone of membranelles (AZM) surrounds the anterior end of the cell. 20-50 pm (154)
long. Figs 304 & 305 HALTERIA

See Crain (1972), Tamar (1968, 1974) and Foissner
(1988) for accounts of this genus.
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Figure 304 Halteria. An oligotrich ciliate. Most oligotrichs “’}
(see Figs 365-370) use the adoral zone of membranelles for ™
feeding and locomotion. Halteria not only has an AZM (1) S
but also an equatorial girdie of stff cirri (2), the action of -
which propels the cell witlhr a bounding motion. This is a g
sufficiently distinctive trait for the genus to be identified N

from motion alone. Sometimes, the cell may come o rest k
with one pole attached to the slide or coverslip, under il

which circumstances it may look hke a heliozoon. Dif- S

ferential interference contrast. 4N
B Without the bounding motion. GOTO 156 |
A Cells with a marked torsion, the front twisted or with a spiral flange running along the body. Sometimes 1&
with spikes protruding posteriorly. GOTO 157 (188

B Notas 156A. GOTO 158
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A Medusoid or mushroom-shaped, often with the posterior end drawn out as a spike. With an adoral
zone of membranelles (AZM) following the spiral edge of the body, but with the rest of the body
predominantly without cilia. 25-100 ym long. Figs 306 & 307 CAENOMORPHA

See Jankowski (1964) and Fernandez-Galiano (1980)
for comments on this heterotrich, which is related to
Metopus (Step 159), and is usually found in anoxic
sites. :

Figure 307 Csenomorpha. An umbrella-shaped hetero-
trich ciliate, found mostly in anoxaic habitats The adoral
zone of membranelles (1) follows a spiral path, leading 10
the mouth (4), and ending at the base of the Yail' (2). The
somatic (Jocomotor) cibature is reduced to a band (3) which
lies adjacent to the membranelles. Caenomorpha typically
has a cluster of refractile granules at the antenior end of the
cell Differentnal interference contrast

B Anelongate cell, but with the front end twisted. An adoral zone of membranelles (AZM) follows a spiral
path, sometimes extending along much of the body. Kineties also follow a spiral path. Often with a dense
granular mass at the front end. 50-150 pumlong. Figs 308 & 309 METOPUS

Both Metopus and Caenomorpha are most com-
monly encountered in organically enriched, usually
anoxic, habitats (Jankowski, 1964). Such organisms
may be referred to as sapropelic (Villeneuve-
Brachon, 1940; Foissner, 1980a).
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Figure 309 Metopus. A heterotrich ciliate. The cell has an
adoral zone of membranelles (1) for feeding, and con-
ventional ciha (2) for locomotion. The locomotor cilia are
arrayed in kineties, just visible (3) as they pass over the
macronucleus (4). The genus is distinctive because of the
twist of the antenor end of the cell A collection of granules
() 1s visible at the anternior end, and there i1s a postenor
contractile vacuole (6) Most species in this genus are en-
countered in anoxic or reduced habitats, often found at the
bottom of ponds. Phase contrast

Figure 310 Brachonells. Like Metopus (Fig. 308) and
Caenomorpha (Fig. 307), this genus of heterotrich ciliates is
often found in anoxic habitats. The adoral zone of mem-
branelles (1) follows a spiral path around the anterior end of
the cell In this picture it is possible to see individual kine-
tosomes. The kineties of the locomotor cilia (2) follow the
spiral path of the AZM, and run more or less axially in the
posterior half of the cell There 1s a caudal cluster of longer
cilia (3). Differential interference contrast

A Flattened and rigid cells, usually wedge-shaped. The body may be drawn out into folds and/or spikes,

with the somatic cilia reduced to a few tufts. Usually from putrid waters. Fig.311 EPALXIS
An odontostome ciliate (Jankowski, 1964), Epalxis is
related to Epalxella (Fig. 312), Discomorphella (Fig. sl
313), Saprodinium and Myelostoma (p. 188; Schrenk A 5,
and Bardele, 1991). ) X
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B Cellsnot flattened or, if flattened, not rigid. GOTO 159
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Figure 312 Epaixells. An odonfostome ciliate. There s a
short adoral zone of membranelles (1), identifying this or-
ganism as a polyhymenophoran (spirotrich). Odontosomes
typically have few somatic cilia. Inthis species, there isa
‘penzonal’ band (2) lying above the AZM, and some postenor
somatic cilia (3). The cell is very flat, as is typical of the
group, and the body surface is sculpted in folds and
grooves. These are evident as spines (4) at the posterior
end. A macronucleus (5) is also visible. Epalxelia 1s mostly
encountered in organically ennched and anoxic sites Dif-
ferential interference contrast

Figure 313 Discomorphelia An odontostome ciliate (ci
Fig 312). The cell is very flatand the body surface isstiffand
sculpted, with one spike (1) projectung from the front of the
cell The adoral zone of membranelles (2) is bome on a
ledge-like structure that curves around the margin of the
body. Several cirm (3) project from the postenor of the cell
Discomorphella is typically found in organically enriched
sites with little or no free oxygen. Phase contrast

A Scoop-shaped cells, planktonic.

GOTO 160

B Not scoop-shaped. GO TO 161

A Witha cylinder of rods (collectively referred to as a nasse or a basket) lying just internal to the mouth.

Cell about 100 pm long. : Figs 314 & 315 PHASCOLODON
Ultrastructure is described by Tucker (1972). See
also Foissner (1979b). 314
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Figure 318 Phascolodon. A plankionic ciliate. This example ST
15a little squashed: normally the two anterior lateral margins n A

(1) are curved round to give the cell a scoop-shape. There is

a well-developed nasse of microtubular rods (nematodes-
mata) (2), with which relatvely large particles can be in- £
gested This particular individual has been eating Spine- P
bearing centric diatoms (Stephanodiscus, Fig. 8) (3). Also .

evident are the contractile vacuoles (4), macronucleus (5)

— and ciha (6). Phase contrast.

B With what appears to be a band of ciliary membranelles leading into a crescent-shaped mouth cavity. ) ;._-' %
Cellup to 1000 um long. Figs 316 &317 BURSARIA ' \

For a long time Bursana was held to be a heterotrich
(see notes after Step 161), but it is probably related
to Colpoda. Like Bursaria, Lembadion (Figs 318 &
319) is shaped like a scoop, and is also encountered
in the water column. It is a scuticociliate (Step 169).

Figure 317 Bursania. A planktonic ciliate that 1s related to )

Colpoda (Fig. 328). The organism is shaped like Phascol-
odon (Fig. 318), another planktonic ciliate. In both, the
anterior margin (1) of the cell is drawn out, giving the entire
cell a scoop-shape, and enabling it to drive quite large
particles of food (in this individual, dinoflagellates and dia-
toms) into the buccal channel (2). Also visible are cilia (3)
and extrusomes (4). Phase contrast




Figure 319 Lembadion A planktonic scuticociliate. Like
some othar planktonic ciliates, such as Phascolodon (Fig
315) and Bursana (Fig. 317), the cell is scoop-shaped. The
opening of the scoop (1) 18 lateral, rather than anterior. but
the cell spirals on its longitudinal axis as it swime; and this
helps to direct currents of water into the mouth There 1s a
well-developed undulating membrane. The contractile
vacuole (2) and long caudal cilia (3) are also evident. Dif-
ferential interference contrast.

Figure 320 Condylostoma. A flattened, browsing hetero-
trich cihate. The adoral zone of membranelles (1) extends
across the front of the cell, curving sharply into the buccal
cavity. A veil-like undulating membrane is also present, but
it cannot be seen here. This particular cell has been feeding
on diatoms (2). The cell has conventional somatic cilia (3) for
locomotion. Also visible are some parts of the beaded macro-
nucleus (4). Phase contrast.

A Cells without an adoral zone of membranelles (AZM). GOTO 165

B Cellsthat have an even covering of body cilia, in addition to an AZM.

The heterotrichs include some of the largest, most
colourful, and architecturally most impressive
ciliates. Because of the AZM (Fig. 320), they and the
hypotrichs (see notes after Step 136) have been
grouped together within the spirotrichs, and more
recently within the Polyhymenophora. The Poly-
hymenophora were often regarded as the crown of
the ciliate evolutionary tree, but recent work
suggests that the heterotrichs may have diverged

A Bodies contractile.

B Bodies not contractile.
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THE HETEROTRICHS GO TO 162

from ancestral stock at an early stage (Small and
Lynn, 1985). Heterotrich cell bodies are often rela-
tively large and flexible. They are distinguishable
from hypotrichs because there are kineties on the
body surface, but are most easily confused with
some of the hypotrichs that have flexible bodies and
several rows of ventral cirri. Some genera have
already been keyed out (Steps 136 & 157).

GOTO 163

GOTO 164



A Worm-like cells (up to 1 mm long). With the contractile vacuole located at the posterior end and a

canal running towards the anterior of the cell.

Isquith and Repak (1974) provide a key to species.
Spirostomum 1s often found in polluted sites, or in
sites with little or no oxygen.

Figs 321-323 SPIROSTOMUM

Figure 322 Sprostomum (see also Fig. 323). Shown here is
S teres, one of the smallest species in the genus It is
distinguished by the compact macronucleus (1). The cell is
cylindrical, with a postenor contractile vacuole (2), and an
adoral zone of membranelles (3) leading from the anterior of
the cell 1o the cyicstome (). Each membranelle beats
slightly out of synchrony with its neighbour, with what s
called metachronal co-ordination. As a resull, a wave-like
pattern of activity passes along the organelles. This ocours
so fast that it 1s difficuit to see it without photography. The
surface of the body is nidged with the kineties of locomotor
cilia (5). Phase contrast (Scale bar 100 um.)

Figures 323(a) & (b) Spurostomum (see also Fig 322). These
are two views of the same cell of & ambiguum, one of the
larger species in the genus. The photographs illustrate
contractility: in the lower view (b), the cell has been made
o contract by jarring the glass slide. Visible in the upper
cell (a) are the postenior contractile vacuole (1), s associated
collecting canal (2), which extends towards the front of the
cell, the macronucleus, which looks like a string of sausages
(3); and a food vacuole (4) lying near the eytoproct ready to
be discharged The cells are often very opaque owing 0
accumulated calcium salts. Bnght Beld, green filter. (Scale
bar 100 ym.)
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B Cone-shapedcells.

Stentor has the adoral zone of membranelles (AZM)
at the broad end of the cone, but it may be difficult to
see If the cells are contracted. They are large (up to
1 mm), with the contractile vacuole located near the

- Figs 213-216 STENTOR

anterior end of the cell. Many species are coloured
(green, blue, pink). They may also attach to the sub-
strate by their posterior ends and adopt a trumpet
shape (see Step 118).

A Pink or red cells with the contractile vacuole at the posterior end. Most species have a well-developed
MWWMMmome(mmggjm pm long.

See Giese (1873) for an account of the biology of
Blepharisma, and Hirschfield et al (1965) and
Larsen and Nilsson (1983) for comments on it and
related genera. The cells usually eat bacterna, but
they may become cannibalistic, and will then dis-
play dark red food vacuoles containing the partly
digested residues of their confederates.

Figure 328 Blepharnisma. Most members of this genus of
heterotrich ciliates are pink. The mouth ciliature extends
from the front of the cell to the cytostome (about a third of the
way down the cell) The feeding ciliature includes the
veil-like undulating membrane (1) and an adoral zone of
membranelles (2). This species mostly feeds on bactena
and small protists, but it may occasionally become can-
nibalistic; the tell-tale pink remains of another cell of the
same species are evident in one food vacuole (3). The
contractile vacuole complex (4) is a! the postenor end of the
cell and in this region the kineties (5) or lines of cilia are
evident Phase contrast. (Scale bar 100 um.)

Figure 326 Blephansma. Detail of the antertor end of a cell
The adoral zone of membranelles (1) can be seen leading
from the anterior end of the cell to the cytostome (2). The
membranelles are blocks of adhering cilia, and companson
may be made with individual cilia on the surface of the body
(3). The body is highly vacuolated; food vacuoles (4) can be
recognized because they contain bacteria. The cortex (5),
which appears as a discrete layer at the surface of the cell,
looks granular because of the small surface vesicles that
contain the pink pigment. Differential interference contrast.
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B Cells with anterior torsion, and the membranelles lying in a spiral groove. Species vary in size from

40-300 pm. Step 167, Figs 308-310 METOPUS
A Withevenly distributed body cilia. ' GOTO 166
B Bodycilia absent or patchily distributed. 1 Ve GOTO 188

A Cells with cilia clustered in or around a buccal depression; these cilia generate currents of water from
which particles of food are taken. GOTO 167

Buccal (feeding) cilia may be located entirely when the cellsstop moving. The type of food cdn be
within the buccal cavity, or extend onto the body inferred from undigested coccoid bactena or other
surface. Feeding behaviour is often only apparent small particles in food vacuoles.

B Notas 166A. GOTOIT3

A Mmdmmmammmmmmmemmmmmmmm

kineties converge on this region. With the contractile vacuole at the posterior end.
Figs 327 & 328 COLPODA

See Lynn (1976a & b, 1978), Novotny et al. (1977),
Lynn and Malcolm (1983), Foissner (1980, 1987 inter
alia) for the diversity of Colpoda, and Bardele (1983)
for ultrastructural accounts of various members of
the genus. Related to the colpodids are Bursaria
(Figs 316 & 317), and Cyrtolophosis (Fig. 329), a
genus that may be found attached to detritus in a
mucus sheath.

ALL SCALE BARS 20 ym UNLESS OTHERWISE INDICATED
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(167)

Figure 328 Colpoda. A genus common in soils The organism
can readily encyst and excyst to take advantage of periodic
flooding and drying up. The organism 1s a suspension feeder,
using the buccal ciliary organelles (1) to segregate bacteria
which are then internalized within food vacuoles (2). The
organism is flattened, with the cilia emerging 1n curving
kineties (3). Just visible are the reqgions of the contractile
vacuole (4) and the macronucieus (5). Differential interfer-
ence contrast with filter

Figure 329 Cyrtolophosis. A filter-feeding colpodid ciliate
Members of this genus are often found within gelatinous
loricae. On occasions they may form small colonies Around
the mouth is a strongly developed array of buccal cilia (1),
used in the selection of food. This individual has ingested a
Chlamydomonas cell (2). The cell 1s evenly ciliated (3).
except for a small tuft of longer cilia (4) at the antenor end
Inmide the cell the contractile vacuole (5) and the region of
the macronucleus (6) are visible. Differential interference
contrast.

B Notas I167A. GOTO 168

A Ovoid cells that dart about, but frequently stop moving in order to feed. When feeding, a flat sheet of
cilia is extended from one side of the body. THE SCUTICOCILIATES GO TO 169

Scuticociliates are usually characterized by a large
well-developed undulating membrane. Most are
free-swimming organisms, but the relatively un-

common Calyptotricha (Wilbert and Foissner, 1980)
(Fig. 330) is attached to detritus by means of a lorica
that 1s open at both ends.




» '(’ 3 . Figure 330 Calyptotricha. This scuticociliate lives within an
1S4 organic lonca (1), seen here attached to filaments of blue-
M ; green algae (2). As with most scuticociliates ‘there s a

\ well-developed undulating membrane (3). A confractile
\ vacuole (4) 1s also evident. The ciliate is free to move within
1ts lorica, removing particles of food from the currents of
water that it generates. Differential interference contrast

B Notas 168A. GOTO 170
A Small cells (usually less than 30 pm) with relatively few somatic cilia. Figs 331 &332 CYCLIDIUM dg
See Didier and Wilbert (1981), Berger and Thomp-
son (1960) and Bardele (1983) for accounts of the
members and the fine structure of this genus.
Common and widespread. -
331 .
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Figure 332 Cychidium. A common suspension-feeding scu- ‘
ticociliate. The somatic cilia (1) are relatively sparse and
long, and there is a single longer caudal cilium (2). When
these ciliates feed, they become motionless and ynfurl a
sail-like undulating membrane (3). The cilia of the undulat-
ing membrane (barely visible here) are used to strain small
suspended particles from the currents of water. The food is
then packaged in focd vacuoles (4) inside the cell All cells
have a contractile vacuole (5) which in the most common
species 1s found at the posterior end Here, however, it is
located in the centre of the cell Phase contrast
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B Cellslarger than 30 um in length, with a densely packed layer of long somatic cilia.

For discussions of Pleuronema, see Dragesco (1968),
and Groliére and Detcheva (1974).

Figs 333 & 334 PLEURONEMA

Figure 334 Pleurcnema. A relative of Cyclidium (Fig. 332),
but larger. Like its smaller relative, the cell has relatively
long somatic cilia (1) which are spread out when the cell
comes to rest in order to feed. A well-developed undulating
membrane (2) is extended during feeding. Inside the cell,
the macronucleus (3) and refractile crystals (4) are evident
The kineties may be seen as folds on the surface of the cell
Differential interference contrast

A Thin, elongate cells in which some of the feeding cilia are curved, forming a passage from the anterior
of the cell to the mouth, and within which the undulating membrane beats. Body 50-100um long.

See Didier and Detcheva (1974) for observations on
Cohnilembus.
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Figs 335 & 336 COHNILEMBUS

Figure 336 Cohnilembus. The most obvious feature of this
ciliate is the highly developed buccal ciliature which stret-
ches from the anterior end of the cell to’a mouth about
halfway down. Two lines of cilia (or a single line of U-shaped
ciha) (1) form a channel within which a single line of cilia
undulates (2). This enables small particles of food to be
segregated from the surrounding medium, channelled to-
wards the cytostome, and then packaged within food
vacuoles (3). The body is evenly ciliated and there is a long
caudal cilium (4). Differential interference contrast.




B Notas 170A. GOTO171
A Themouthisatthebaseofashongmovelocaxedjustbelowaslighﬂyjuttingormistedanteriorpanof l?l
the body. With a central contractile vacuole. Body 40-100 ym. Figs 337-339 COLPIDIUM  (170)
Colpidium is common in organically enriched sites. .
Foissner and Schiffmann (1980) give an account of 337 > e
the genus, and other studies have been made by h* >
Jankowski (1967a), Lynn and Didier (1978), and 4 {;v hprtE
Iftode et al. (1984). MR < \ R
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Figure 338 Colpidium. This ciliate is often found in large Figure 339 Colpidium dividing, lllustrated 1s a slightly ear- . _.f’.-; e
numbers in organically enriched and slightly anoxic sites. lier stage in division than that shown for Tetrahymena (Fig. ¢ "
The mouth (1), which lies below a slightly protruding ante- 341). The photograph is of a slightly squashed cell with the Yoo g OOH
nior part of the body (2), incorporates ciliary organelles that surface in focus. The kineties can be seen as light lines (1), BN N
are used to concentrate suspended particles and deliver around which, inside the cell, are clustered mitochondria RS g

them for packaging into food vacuoles (3). The large, (2). Before the cell divides, the number of somatic cilia b N

empty-looking vacuole (4) near the centre of the cell is the needs to double, and the new mouth of the posterior daugh- L2
contractile vacuole. Also visible within the cell are the ter cell (opisthe) must form. Here, the well-formed mouth of s .
regions of the macronucleus (5), the micronucleus (6) and the presumptive anterior daughter cell (the proter) may be i il
mitochondria (7). The cell is evenly ciliated (8). Phase con- seen (3), along with some of the compound feeding cihiary b |
trast, artificial ight film organelles. The posterior mouthparts (4) lie on the surface Rl ot
of the cell, as the mouth cavity has not yet formed. Phase =
contrast ‘-.\L_ -
g
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B Without anterior protrusion.

GOTO 172

A Small(less than 50 um), pear-shaped cells with a small anterior mouth, and the contractile vacuole in
the posterior part of the cell. Sometimes witha caudal cilium. Often associated with waters that contain

many animals, or with dead and/or decaying animal matter.

Tetrahymena has been widely exploited in physio-
logical and biochemical studies (Eliott, 1973). Since
Nanney and McCoy (1977) revised the cntena for
identifying species, many have been added to the
genus (Batson, 1983; Williams et al, 1984). Bio-
chemical techniques are now required for identifica-

tion of many species (Corliss and Daggett, 1983).

Figs 340-342 TETRAHYMENA

Figure 341 Tetrahymena (see also Fig. 342). Probably the
most studied genus of all the ciliates, as it can now be grown
in bactena-free cultures. As a result, it has become widely
used for experimental studies on its physiology bio-
chemistry, etc.. Two cells are shown: a normal trophic cell
(1); and a dividing cell (2) with its transverse furrow (3). In
the wild Tetrahymena feeds mostly on suspended
bacteria, often in association with decaying animal material.
Bacteria are concentrated by the buccal ciliature around
the mouth (4). The cell body is evenly cihated (5) Also
evident in the normal cell are slight furrows (kineties) (6) on
the surface, the macronucleus (7) and the fluid-filled food
vacuoles (B). Phase contrast
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Figure 342 Tetrahymena. This is a fixed preparation that
has been stained with protargol. This silver stain reveals
basic (negatively charged) proteins, such as mbulins and
histones. For this reason, basal bodies (1), cilia (2) and the
macronucleus (with histones) (3) can be seen. The photo-
graph has been taken with a shallow focal depth, and 1S In
focus through the centre of the cell Several rows (kaneties)
of kinetosomes are visible at the margins of the cell, follow-
ing the longitudinal axis of the body. Around the mouth
region, the densely packed kinetosomes supporting the
cilia of the three membranelles (4) and the curving undulat-
ing membrane (5) have stained clearly Also revealed are
the microtubular ribbons of the cytopharynx (€), leading
from the mouth into the cytoplasm of the cell Bnght field
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B Cells with a layer of trichocysts under the body surface. With two contractile vacuoles, typically with
radiating collecting canals. (One species (Figs 347-348) has a different kind of contractile vacuole
complex.) With a caudal tuft of cilia, and a mouth that lies near the middle of the body, at the posterior end

of a pre-oral groove. Either elongate or flattened ovoid (foot-shaped).

There are many general accounts of this very
common and famihar genus of ciliate; Wichterman
(1983, 1985), Wagtendonk (1974) and Gértz (1988)
all give general accounts including outlines of the
composition of the genus.

As with Tetrahymena, some species can only be
identified by their biochemical characteristics
(Corliss and Daggett, 1983). Morphological species
can be distinguished by their shape, being either
elongate (slipper-shaped) (Fig. 343) or foot-shaped
(Figs 348-359), and by the form of the micronuclei
(Fig. 357). One common species (P. bursara) con-
tains endosymbiotic algae (Figs 349-358)

These are peniculine ciliates, the closest relatives
of which are Frontonia (Step 150), Urocentrum (Figs
387 & 388) and Neobursarnidium (Fig. 360).

Figure 344 Paramecium. Both a typical individual and con-
jugating cells (1) are shown. The single cell contains a
macronucleus (2) and a spherical adpressing micronucieus
(3). This particular nuclear configuration. combined with
the shape of the cell, identifies the organism as being P
caudatum. Conjugation s a mechanism that allows the ex-
change of genetic information between mating cells The
cells become joined, a cytoplasmic channe! forms between
them, and a gametic nucleus (product of mejosis of the
micronucleus) i1s exchanged. Contractile vacuoles (4) are
also visible. Phase contrast (Scale bar 100 pm.)

Figure 345 Paramecium with food vacuocles. This shightly
squashed cell has been fed with bacterna stained black and
red, in order to show the food vacuoles The cell is evenly
covered with cilia (1) but, as with all Paramecia, there s a
caudal tuft (2) of longer cilia. The mouth may be seen asa
channel (3) with a densely packed line of cilia. Food is
pushed down the channel, ultimately to be packed into the
food vacuoles (coloured). Also visible in the cell are the twb
contractile vacuoles with their radiating collecting canals
(4), the macronucleus (5) and trichocysts (6). Phase con-
trast
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. Figure 346 Paramecium mouth. Paramecium is a filter-
feeding ciliate. The body is shaped to create a channel from
the front end of the cell to the buccal cavity, seen here (1) in
a side view. In the buccal cavity lie the compound ciliary
organelles (2) (membranelles or peniculi) that create the
currents of water from which particles are taken. The par-
allel lines of cilia that make up the peniculi are just discermn-
ible. Food is packed into food vacuoles (3) which form at the
cytostome (4) at the base of the buccal cavity. A mac-
ronucleus (5), trichocysts (6), cilia (7) and a contractile
vacuole (8) are also evident Differental interference con-
trast.

Figure 348 Paramecium putrinum. The smallest species in
the genus. This species (Fig. 347) is also called P. tnchium.
Unlike other members of the genus, the contractile
vacuoles (1) do not have radiating collecting canals. There
is one large macronucleus (2) and an adjacent compact
micronucleus (3). Food vacuoles (4) can be distinguished
because they contain densely packed bacteria. Also visible
are the mouth (8), trichocysts (6) and cilia (7). Differential
interference contrast. (Scale bar 100 ym.)




Figures 349-388 This series of photographs of Paramecium .
bursana attempits to illustrate the different contrast enhance-
ment techniques that can be used with free-living protozoa.
Various charactenstics of this species may be seen in Fig.
352. As with other species in this genus (see, e.g. Fig. 345),
the cell is evenly covered with cilia (1), but there isalso a
caudal tuft of longer cilia (2). The mouth (3) appearsas a
narrow cavity containing densely packed cilia. Food
vacuoles (4) are rare, as the cell contains many symbiotic
green algae which provide energy in the form of released
by-products of photosynthesis. Two contractile vacuoles
(5), trichocysts (6) and the macronucleus (7) may also be
seen, although the macronucleus is clearer in Fig. 357
than in Fig.352.

Figure 349 Bright field. This is the technique most widely
advocated in textbooks and schools, etc.. Natural colour
differences are evident, but fine details cannot be seen.

Figure 350 Bnight field, with the condenser ins closed. The
simplest way to generate sufficient contrast for most of the
parts of the cell to be seen The same effect can be
achieved by lowering the condenser, or by moving it out of
alignment with the optical axis of the microscope. This
technique is often frowned upon by the punistsbecause they
(nghtly) argue that resolution is lost. However, the tech-
nique is justified because visibility is often more important
than resolution.

Figure 351 Phase contrast Differences in optical density
are revealed as regions of darkness and light Cilia can be
clearly seen against the surrounding fluid. Some degree of
optical confusion may occur when one object lies on top of
another, e.g. deep in the cytoplasm. However, it is a widely
used and eflective technique, especially for smaller protozoa.
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Figure 352 Differenual interference contrast (Nomarski).
GCradients (e.g. between an organelle and the cytoplasm) in
refractive index are shown up as a shadow effect. Cilia are
seen as a dark and light shadow against the background,
producing a very appealing three-dimensional effect. A
special advantage of the technique 1s that a very thin optical
shce is taken through the specimen Consequently, there is
very little optical confusion, and a clean, crisp image can be
obtained. However, this aspect of the technique also has its
disadvantages, as only those pieces of the cell that hle in a
single plane are visible

Figure 383 Dark ground The specimen is illuminated very
obliquely, so that no light can pass directly from the hght
source into the objectve of the microscope. In the absence
of an object, no light can be observed. However, an object
in the light path will refract the light and appear bright
against a dark background. The technique 1s aesthetically
very appealing. It may also be used to show up very small
objects. An opaque disc on the top of the condenser can
generate this effect, as may the use of the wrong size of
phase contrast rings in the condenser or lamp housing

Figure 354 Interference contrast Differences in refractive
index are converted into different colours. Colours ongin-
ally present in the object, such as the greenness of algae
are retained

Figure 3588 Folanzed hight The object is tluminated with
polarized light, and then viewed through a second polanz-
ing filter at nght angles Crossed polanzers remove all hght
except that which has passed through crystalline struc-
tures. Consequently, this technique reveals crystals inside
the cytoplasm The crystals are also visible in previous
micrographs, but are easily overlooked
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Figure 356 Fluorescence microscopy (with DAPI stain)
The specimen is first exposed to DAPL, which stains DNA
The cell is then illuminated with a lugh energy light source
(usually ultraviclet) DAPIl and some natural molecules
such as the chlorophyll in the algae, will absorb radiation
become excited and re-emit radiation at a longer wave
length - in this case in the visible range. A filter is placed
between the specimen and the eyepieces o remove the
ultraviolet light, so that just the flucrescent colours are seen
Here, the algal chlorophyll fluoresces red, and the DNA in
the nuclei fluoresces green

Figure 387 Selective stain (Feulgen). It is often necessary to
fix protozoa celis and 1o stain them selectively in order to
extract information not (easily) visible in hiving cells. With
Paramecium, it is necessary 1o discover the arrangement of
the micronucleus/i to identify species. This particular cell
has been stained with Schiffs reagent, following the
Feulgen technique, and this has shown up the macronucleus
and the micronucleus of the ciliate; the tiny nuclei in each
algal cell have also been stained, There are few examples
of selective stains in this book; others are the silver tech-
maques (Figs 255, 342 & 359)

Figure 358 Negative staining One of the simplest methods
of preparing permanent preparations is (o mix a very fine
dye or stain with a sample, and then simply allow it to dry
Once dry, the stain settles into any ureqularites on the
surface (e.g. the mouth and the origin of the cihia), as well as
setthng around the preparation The stain used here is
nigrosin, but certain inks have the same effect (NB some
inks are toxic to protozoa). Not all cells remain intact as they
dry out

Figure 389 Siuver-staming An example of a Chatton-Lwoff-
stained cell. Silver-staining is normally used 1o show up the
bases of cilia, and the various lechniques are needed for
formal descriptions of cihates. Each spot visible here is
made up of three smaller dots (two ciliary bases and a
parasomal sac). The technique reveals the kineties clearly,
the closely packed cilia of the mouth have shown up almost
black. Near the postenior end of the cell s the slit-like
opening of the cytoproct (cell anus)
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B may measure several millimetres, but they are thread-like
and have little mass. Neobursandium (1) is related to Para-
4 mecium (trichocysts (2) are just visible), and is one of the
most massive ciliates. It is shown here alongside P. bursaria
(3) for comparison. Neobursaridium is found in tropical
sites. Bright field, closed condenser ins (Scale bar

. 100 pm.)

A Spherical, near spherical, or conical body. GCOTO17
B Very elongate body, or with a neck. GOTO

A& Body witha posterior spike. GOTO 183
B Body without a posterior spike. GOTO175
A Ciliain bands on the body or at its poles. GOTO178
B Cilia occur evenly over the body. GO TO 180
A Cell with an anterior conical protrusion. Predators of other ciliates. GOTO177
B Cell without a protrusion. GOTO178
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A Withtwobmdsofdhn:omamariozmdomoqmmlBodyso-lmum - Figs 361 & 362 DIDINIUM

Wessenberg and Antipa (1968, 1970) provide a
graphic account of the feeding behaviour and ultra-
structure of D. nasutum, which feeds more or less
exclusively on Paramecium species. General ultra-
structural accounts are given by Rodrigues de Santa
Rosa and Didier (1976), and Rieder (1971).

Figure 362 Didinium A predatory ciliate that swims using
two bands of cilia (1) There is an anterior cone which
contains numerous extrusomes (2), used to impale and kill
its prey, Paramecium. Some extrusomes (3) may be seen in
the cytoplasm. Also visible is a posterior contractile vacuole
complex (4). The ciliate in this picture is squashed (cf. Fig.
361). Differential interference contrast

B Witha single band of cilia. Figs 363 & 364 MONODINIUM

Figure 364 Monodinium. This genus is similar to Didinium
(Fig. 362), but movement is achieved by a single band of
cilia (1). As with Didinium, there is an anterior cone (2)
wmchoomamexmmmes.medmtbecapnneorprey
(ciliates). The diffuse area (3) inside the cell is the mac-
ronucleus. A posterior contractile vacuole is also evident
(4). Differential interference contrast.
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A Witha strongly developed anterior adoral band of membranelles (AZM) around the anterior of the cell,

and no other cilia. Body 30-100 um.

Strobilidium cells are oligotrich cihates. Like hypo-
trichs and heterotrichs (Steps 136 & 161), they have
an AZM. Unlike the hypotrichs and heterotrichs,
there are no somatic cilia and the AZM is used for
motion as well as for food capture. One genus (Hal-
teria) of oligotrichs has already been encountered
(Step 185). Strombidium (Figs 367 & 368) looks very
like Strobilidium, but differs because it has an organic
lorica around the base of the cell Strobilidium
(Deroux, 1974) usually rotates near the substrate, as
if tied to it by a thread of mucus; the thread is usually
invisible. Some oligotrichs have a more substantial
lonica, especially evident in the tintinnids, most
of which are found in the sea. A few freshwater
planktonic species do occur (Foissner and Wilbert,
1979; Figs 369 & 370). Oligotrichs are reviewed by
Carey and Maeda (1985).
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Figs 365 & 366 STROBILIDIUM

Figure 366 Strobilidiurh, An oligotrich ciliate, The only vis-
ible cilia are those that make up the adoral zone of mem-
branelles (1) as it stretches around the front of the cell
Using the AZM, the organism can collect algal cells as food
(2). The cell i1s often found apparently attached to the sub-
strate by an invisible thread extending from the postenor
end (3). It wall spin and jerk at a fixed distance from the
substrate. Occasionally it breaks free and can then move
with great speed. A contractile vacuole (4) is visible, Stobili-
dium is most easily confused with Strombidium (Fig. 368)

Figure 368 Strombidium. An oligotrich ciliate. The only
visible cilia are those of the adoral zone of membranelles
(1), used for feeding and locomotion. This genus is easily
confused with Strobiidium. Strombidium may be distin-
guished by the presence of a lorica-like sheath, evidenced
by a 'shoulder (2) in the lateral profile; the genus also has
‘tnchites’ (3) This particular specimen has been eating
diatoms (4). Phase contrast
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Figure 370 Tintinmdium. The tintinmids are mostly plank

tonic oligotrichs. The only visible cilia are those that make
up the adoral zone of membranelles (1) as 1t stretches
around the front of the cell These cilia are used for feeding
and locomotion. All tintinnids are enclosed by a lonca (2),
which in this genus incorporates agglutinated material Tin-
unnids are common in marine habitats Differential interfer-
ence contrast

GOTO1

A Withaband of cilia at the posterior and the anterior end. About 100 um long.
Fig. 371 TELOTROCHIDIUM

Telotrochidium may be difficult to distinguish from
the mobile telotroch larvae of sessile peritrichs (Fig
236), and from peritrich cells that have separated
from their stalks and sprouted a temporary basal
(trochal) band of cilia. For taxonomy, see Foissner
(1976), and for general comments, see notes after
Step 119. Hastatella (Figs 372 & 373) and Astylozoon
(Figs 389 & 390) are related (Foissner, 1977).
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Figure 373 Hastatella. A free-swimming peritrich ciliate
Although most peritrichs are sessile, a small number of
genera are motile. As in the majonty of peritrichs, the cilia
are limited to those around the broad anterior end of the cell
(1) and those in the buccal cavity (2). The cilia that create
the feeding current also pull the cell forward. This genus is
distinguished by the cytoplasmic spines (3) on the body.
When the cell stops and contracts, the spines are made to
stick out. Also visible is an empty-locking contractile
vacucle (4) and two profiles of the macronucleus (5). Dif
ferential interference contrast

B Small, with forked tentacles at the anterior end. Body 20-30 um.

Mesodinium is a genus best known from marine
habitats, where it is widespread and may have sym-
biotic (red) algae (Lindhoim, 1986). It is occasionally
found in freshwater habitats. When active, it moves
with a jerky motion, and the tentacles may be with-
drawn. It is distinguished from Halteria (see Step
155 above) by its size and by the absence of equa-
torial spikes. Small and Lynn (1985) use Myrionecta
to house some species.

Figs 274 & 374 MESODINIUNM

374

A Thebody appearsto be covered in a layer of plates, rather like a barrel. The mouth is located at the
anterior end, and is used for feeding mainly on dead or dying animal tissue. Body (mostly) about 50 um.

See Foissner (1984) for recent taxonomy of the
better known species. For details of those species
that have symbiotic algae, see Christopher and Pat-
terson (1983), and Klaveness (1984). Ultrastructure
1s dealt with by Huttenlauch and Bardele (1987), and
Lynn (1985).
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Figs 375-377 COLEPS
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Figure 376 Coleps These two individuals (1) are barrel-
shaped, and accumulate calcium in the cortex. This makes
their similarity to barrels even more marked, as there
appear to be staves supporting the cell The calcium makes
the cells appear dark when viewed under brnght-field con-
ditions They are scavengers, feeding on detritus, but with a
preference for the tissue (2) of dead and dying animals
Here, the cells are feeding on the tissue from a damaged
crustacean larva. Phase contrast (Scale bar 100 ym.)

Figure 377 Coleps (cf. Fig 376). About a dozen cells are 1o
be seen clustering around the cast exoskeleton of an arthro-
pod. The cells are feeding on the remnants of tissue. Cal-
careous plates are laid down in the cortex, giving the cells
their scaly appearance (1). The posterior end of this (and
most) species can be distinguished because some of the
posternior scales have cusps (2). The mouth lies at the antenior
apex of the cell, and microtubular rods form a channel
leading into the cell (3). The posterior end also has a long

caudal cilium (4). Although they are scavengers, some of
the cells in this population contain symbiotic green algae
(5). These are intact and metabolically active, providing the
host with photosynthates. Differential interference contrast

B Without plates. GOTO 181

GoTols2 181

A Mouthapical. i
B The mouth is located away from the anterior pole, and is supported internally by a cylinder of stiff rods . ?:'

(basket or nasse). These organisms feed on algae, the remains of which can often be seen inside the cell. i
Body 30-300 pm, and circular or slightly flattened in cross section. Figs 378 & 379 NASSULA ~9

Tucker (1978) gives accounts of the feeding be-

haviour, and Foissner (1979) deals with some tax- 318
onomy. 7 —— i o
Drepanomonas (Fig. 380) is an unusually shaped f » S ' \'\ ; ,‘
3

relative of Nassula, typically found in sphagnum |
moss. It is also argued that the chonotrich ciliates, 7% < a2l
such as Spirochona (Fig. 381) from gills of Gammarus, W U o/
are related to this group. e e _é



Figure 379 Nassula. This ciliate uses its well-developed
basket or nasse (1) of microtubular rods to ingest blue-
green algae. As digestion progresses, the photosynthetic
pigments within the food vacuoles (2) are broken down,
creating orange and lilac colours. After feeding, the whole
ciliate may have an orange or pink colour. Also evident are
a contractile vacuwole (3) and extrusomes (4). The cell 1s
round in cross section. Differential interference contrast.

Figure 380 Drepanomonas. Encountered in vanous hab-
itats, but especially in mosses, these cells are nagid, with the
surface sculpted into curving folds (1). From the folds arise
the somatic cilia (2). The indentation (3) on the concave side
is the site of the cytostome. Several clusters of cilia (4) occur
around this region. The genus is not very well known, and
the full structure and feeding habits have yet to be elucidated.
Also visible is the region containing the macronucleus (5).
Differential interference contrast.

Figure 381 Spirochona. A chonotrich ciliate, found mostly
on the surfaces of crustacea. (All chonotnich ciliates are
ectosymbionts ) This species was photographed on the gill
plate (1) of the freshwater louse, Gammarus The anterior
end of the cell has a spiral fold of cytoplasm (2), in the valley
of which lie the cilia (3). One of these cells has been eating
fragments of blue-green algal filaments (4). Other visible
structures are the contractile vacuole (8) and the mac-
ronucleus (6), Differential interference contrast.
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A Relatively small cells (about 20 um), with long, tightly packed and slowly beating cilia. Sometimes
with a posterior caudal cilium. Makes occasional jumps. Polar mouth, but without distinctive nema-
Figs 382 & 383 UROTRICHA

See Foissner (1979, 1983), Dragesco et al. (1974) for
accounts of this genus.

Figure 383 Urotricha. Rather small, slow-moving, barrei-
shaped ciliates. They can ingest a vanety of larger food
particles, such as algae and detritus, using a cytostome (1)
at the anterior end of the cell The food 15 enclosed within
food vacuoles (2) which accumulate at the postenor end of
the cell. In living cells the cilia (3) are long, densely packed,
and beat langquidly. Metachronal co-ordination is easily
seen. One cilium, the candal cilium (4) at the posterior end
of the cell, is longer than the rest. The macronucleus (5) and
some mitochondria (6) are also visible Differential interfer-
ence contrast.

B Medium to large cells (50-300 um) in which the mouth is located at the anterior pole, and under it are
extrusomes and/or nematodesmata. Figs 384-386 PRORODON
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Figure 385 Prorodon. The cell 1s egg-shaped, with the
mouth (1) located at the apex of the broader end. The
border of the mouth is evident. Microtubular rods (not vis-
ible here) lead from the mouth into the cell. This photograph
was taken with the surface of the cell in focus, and the
kineties (2) and the rows of cilia (3) are particularly clear
There is a contractile vacuole at the posterior end of the cell
(4). This organism is mostly a scavenger, the mouth being
suitable for the ingestion of larger non-motile particles
Differential interference contrast
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Figure 386 Prorodon. Although this picture does not illustrate
the same species as shown in Fig. 385, the two photographs
are intended to be complementary, this figure having the
centre of the cell. not the surface, in focus. Clearly visible
are the apical mouth (1), with the associated microtubular
rods, and the postenor contractile vacuole (2). The macro-
nucleus (3), a large food vacuole (4) and cilia (5) can also be
seen Although this species is evidently capable of ingesting
quite large particles of focd (the food vacucle contains a
dinoflagellate being digested), the cytoplasm contains
numerous zoochlorellae (6) These are metabolically active,
providing the host with some of the products of photo-
synthesis. Differential interference conlrast

A Inaddition to a spike, broad bands of cilia wrap around the wider upper part of the body, whichis

60-100 um long.

The spike is a caudal tuft of cilia, which appears to
produce the mucus used to connect cells loosely to
the substrate. Attached cells seem to spin in one
place. With a basal contractile vacuole, which has
radiating collecting canals, and with trichocysts.
Related to Paramecium. An ultrastructural study has
been published by Didier (1970).

1686

Figs 387 & 388 UROCENTRUN
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Figure 388 Urocentrum. This genus behaves a little like a
spinning top: the tail (@ caudal tuft of cilia) (1) loosely
attaches to debris and the cell often appears to spin round.
Urocentrum feeds mostly on suspended bacteria, and is
related 1o Paramecium. Like most members of the latter
genus, it has trichocysts (2) and a contractile vacuole (3)
with radiating collecting canals (4). Phase contrast

B With anterior wreaths of cilia, but not on the body. Most species about 50 um long.
Figs 389 & 390 ASTYLOZOON

Astylozoon is a peritrich ciliate, the posterior spike
of which is a reduced stalk. It is one of the few.motile
sessiline peritrichs (see notes after Steps 119 & 179).
For taxonomy, see Foissner (1975, 1977).

Figure 390 Astylozoon. A free-swimming peritnich ciliate.
As with most peritrichs, feeding (and, in this case, move-
ment) is achieved by means of the wreath of cilia around the
broadened antenor end of the cell (1). The postenor end of
the cell has a small spike (2). A contractile vacucle (3) and
several food vacuoles (4) lie inside the cell Phase contrast.

A Elongate body, often with a contractile neck (but not one that is clearly demarcated from the body).
The mouth lies at the apex of the body. Step 154, Figs 300-302 LACRYMARIA

B Neckclearly distinct from the body. GOTO 185
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A Slim, cigar-shaped body with a curved anterior extension that bears extrusomes. The mouth lies at the
base of the extension where it joins the body. From 100 to more than 1000 pum. Figs 391 & 392 DILEPTUS

Dileptus is reviewed by Dragesco (1963), and Grain
and Golinska (1969).

MQMAWMMW
swimming in the water. It is round in cross section. The
mouth (1) lies at the base of a flexible proboscis (2) which is
swept through the water to increase the chances of contact
with suitable prey. The proboscis contains numerous killing
extrusomes, but these cannot be seen in this photograph. A
few cilia (3) and some of the contractile vacuoles (4) are
visible. Dileptus can be more than | mm in length, but thisis
unusual Differential interference contrast (Scale bar
100 um.)

B Fat, highly vacuolated body with the mouth located at the base of a short, tapering neck. Body
150-400 pum long. Fig. 393 TRACHELIUS

A Ciliated cells with colour. GOTO 198
B Non-ciliated cells. GOTO 187

A Cells firmly attached to the substrate. GOTO1I

B Cellsﬂoumgtroely or able to move slowly over the substrate by gliding or rolling.
HELIOZOA GO TO 188

The heliozoa all have spherical bodies from which them. The long arms increase the chance of contact
stiff arms radiate, supported internally by skeletal with prey. Small bodies (extrusomes) move along
structures. They are predators that exploit diffusion the arms, and are used to hold potential prey.
feeding, i.e. they rely on prey cells swimming into Heliozoa are reviewed by Rainer (1969),
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(1981), and Page and Siemensma (1991). They are
polyphyletic, three types being encountered in
freshwaters (actinophryids, Step 188; centrohelids,
Step 189B; and desmothoracids, Step 195). Many
species have scales or spicules lying on the outside

of the body. Numerous new species are being des-
cribed (Dirrschmidt, 1985; Nicholls, 1983a & b;
Nicholls and Diirrschmidt, 1985, Croome, 1986,
1987). Some filose amoebae (Step 83) may be con-
fused with heliozoa.

A Large cells (body diameter greater than 100 um) with a peripheral layer of large vacuoles.

»

Actinosphaerium is the multinucleated relative of
Actinophrys (Step 189). The nuclei lie under the layer
of vacuoles, and some arms may terminate on them.
Actinophryids form cysts (Fig. 399). After excyst-
ment, uninucleate cells, which may be mistaken for
Actinophrys, emerge. Members of this genus have
been called Echinosphaenum. For an introduction
to the literature, see Smith and Patterson (1986).

B Cellbody less than 100 um in diameter.

Figs 394 & 395 ACTINOSPHAERIUM

Figure 398 Actinosphaenum (also known as Echinosph-
aerum). A multinucleated hebozoon that is related to Actino-
phrys. The arms (axopodia) (1) taper from the base owards
their distal tips. If scrutinized carefully, they may be seento
support extrusomes. The axopodia pass through a peripheral
layer of large vacuoles (2) 1o end on or near a nucleus (3).
The nuclei lie in a layer just under the peripheral vacuoles
The cell has one or more contractile vacuoles (4) which can
be distinguished by their habit of slowly filling with fluid,
with occasional expulsion of the contents. These heliozoa
eat motile protozoa, unicellular algae and some metazoa
This individual is in the process of ingesting a rotifer (5), and
of digesting another lying near the centre of the cell (6).

Differential interference contrast. (Scale bar 100 um.)

GOTO 189
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STEP
189 A Tapering arms. Extrusomes are indistinct, and a central nucleus may be seen, especially in squashed
- (188) cells. Body 30-90 um. Figs 396-399 ACTINOPHRYS

See Patterson (1979) for a general account of the
biology of this genus, and Patterson and Hausmann
i (1981) for a discussion of feeding behaviour
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Figure 397 Actinophrys. A uninucleated hebiozoon. The
arms (axopodia) (1) taper from the base towards their distal
tips. Small extrusomes, which are involved in the capture of
food, may be seen moving on the arms and over the rest of
the body. The microtubular axonemes, which support the
arms, extend through the body, becoming visible (2) just
before they terminate on the surface of the nucleus (3). The
nucleus has peripheral nuclecli which make it rather ob-
vious This species eats flagellates and protozoa; these are
digested within food vacuoles (4) which lie near the surface
The degree of vacuolation of the cytopiasm (here highly
vacuolated) depends on the recent feeding history of the
mdividual Phase contrast

Figure 398 Actinophrys feeding. Small flagellates and
3 ciliates constitute the usual diet of this helhiozoon. The arms
(2) often appear rough because extrusomes move along the
skeletal support, deforming the overlying membrane. Ex-

{7 4 trusomes can sometimes be seen on the surface of the cell
' ) body (1). They are extruded as potential prey bumps into the
7 arms; the prey (in this case, Colpidium (3)) i1s then held near

J — the body. Next, a funnel-shaped pseudopodium emerges to
envelop the prey. The leading edge (4) creeps over the
cilia of the prey until it is enclosed within a food vacucle
' Prey death and lysis occur only after complete enclosure.
Many individual heliozoa may fuse together during feeding.
Differential interference contrast
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Figure 399 Cyst of Actinophrys. The cyst is comprised of a
number of layers. The outermost that can be seen (1) 15

L
. &
' made from irregularly shaped siliceous plates, as 1s evident
i from the single detached plate (2) A gap separates this
/.’ from a firm, spherical organic layer (3), inside which is the
o granular cytoplasm (4). Cysts form in dense cultures when
1 food is depleted. The cyst wall reduces water Joss, but does
not protect the cell from desiccation. Most of the character-
istics of the trophic cell (Fig. 397) are lost when encystment
occurs. Differential interference contrast.

B Parallel-sided, delicate arms with prominent extrusomes.
THE CENTROHELID HELIOZOA GO TO 190

In the centrohelid heliozoa the supports for thearms  structure. It is to this group that many new species
terminate on a centroplast, a small body lyinginthe are being added (see notes and references after
centre of the cell Most species have scales and/or Step 187).

spicules. See Bardele (1977) for an account of fine

A Body coated with a layer of scales and/or spicules. GOTO 192
B Without scales or spicules. GOTO 191
\ A Bodynaked.Usuanyunail(leasﬂunaoum). Figs 400(a) & (b) OXNERELLA

Members of Oxnerella are most easily confused ganic spicules (Step 192).
with Heterophrys, a genus characterized by its or-
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Figures 400(a) & (b) Oxnerella. A centroheliozoon (centro-
helidian heliozoon) with the parallel-sided arms (1) and
ptommemexmmmesmatarewpicalofmecenuomnds
The arms are contractile, collapsing upon suitable stimulus
(e.g. vibration) to leave only the extrusomes evident at the
surface of the cell (2). Also visible are nuclei (3) and con-
tractile vacuoles (4). It may sometimes be difficult to distin-
guish members of the genus Heterophrys (Fig. 404) from
those of Oxnerella because Heterophrys can have a peri-
plast of delicate (almost invisible) organic spicules. Phase
contrast

B Withalayer of mucus around the cell. 12-30 pm in diameter. Figs 401 & 402 CHLAMYDASTER

Members of Chlamydaster are very easily confused
with some species of the filose amoeba Nucleana
(Step 83).

401

172

Figure 402 Chlamydaster. The distinguishing feature of this
genus of centroheliozoa is the layer of mucus (1) that en-
cases the cell Through this layer pass the stiff arms (2) with
their particle-like extrusomes. The genus is easily confused
with some nuclearid filose amoebae, such as Nucleana
delicatula (Fig. 150). Phase contrast




A Body (10-80 um in diameter) coated with delicate inorganic spicules.  Figs 403 & 404 HETEROPHRYS
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B Body (10-150 um in diameter) with scales and/or spicules.

.

A With flat scales only. Body 10-150 um.

See Siemensma and Roljackers (1988), and Patterson
and Diirrschmidt (1988) for details of this genus.

Figure 404 Heterophrys. This centroheliozoan genus is dis-
tinguished by the presence of organic spicules (1) around
the body. Confusion with other centroheliozoan genera,
such as Acanthocystis (Figs 411 & 412) or Oxnerella (Fig.
400), is possible. Acanthocystis can be distinguished by the
presence of a layer of plate scales; and these are siliceous
Confusion with Oxnereila is possible because Heaterophrys
may have such delicate spicules that the cell may appear
naked. The spicules of Heterophrys may only appear as an
ill-defined halo around the cell Some species are said 1o
occasionally lose all their spicules. As with other species of
heliozoa, the stiff arms (2) and extrusomes are used in the
capture of food. Phase contrast.

GOTO 183

Figs 405-407 RAPHIDIOPHRYS
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Figure 408 Raphidiophrys A centrohelidian heliozoon
(centrohehiozoon). All heliozoa of this type have thin, par

allel-sided arms (1) (axopodia) with prominent extrusomes
(2). The microtubular axonemes that support the axopodia
pass through the cytoplasm 10 terminate on a centroplast
(3), a small body lying in the centre of the cell The nucleus
(4) s cisplaced 10 an eccentnic position. Most of the or-
ganelles visible with the light microscope lie in the outer
part of the cell. Several genera in this group are ensheathed
by a layer {penplast) of siliceous spines and/or scales This
particular genus has scales only (5). Differental interfer-
ence contrast

Figure 407 Raphidiophrys The narrow arms with prom-
inent extrusomes (1) are evident, as 1s the layer (periplast)
of siliceous scales (2). This genus is distinquished by having
flattened, siliceous scales, but no spicules. As with ac-
tinophryid heliozoa (e.g. Fig. 388), many cells may fuse
together when feeding. After feeding, they draw apart and
the scales (3) are distnbuted between the two cells. Phase
contrast

B Withscales and spines.

A Spines are trumpet-shaped. Body 10-50 um in diameter.

See Diirrschmidt and Patterson (1987), and Rainer
(1968) for discussions of this genus.
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Figs 408 & 409 RAPHIDOCYSTIS




Figure 409 Raphidocystis. This genus of centrohelidian
heliozoa has a layer of fattened plate scales lying close 1o the
body surface, but it is distinguished by the radiating trumpet-
shaped spine scales (1). The typical centroheliozoan arms
(narrow, not tapering) and prominent extrusomes are evi-
dent (2). Phase contrast

B Spines are fqrked or have a single point. Body 20-150 um. Figs 410-412 ACANTHOCYSTIS

See Nicholls (1983), Diirrschmidt (1985) Nicholls
and Diirrschmidt (1985), Croome (1986, 1987) and
Rees et al. (1980) for an introduction to the hiterature.
More recently, some specialists have divided this
genus on the basis of the ultrastructural features of
the scales (Page and Siemensma, 1991),

410
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Figure 411 Acanthocystis A centroheliozoon with the typi-
cal narrow centrohelidian axopodia (1) and promment ex-
trusomes. All species in this genus have siliceous scales and
spines, which together make up the penplast (2). The dif-
ferent species are distinguished by the varying appear-
ance of the spines and scales This cell contains green
chloroplasts, suggesting a recent meal of algae. Also visible
are several filaments of the green alga, Ulothrix. Phase
contrast
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Figure 412 Acanthocystis. A centroheliozoon of a different
species from that shown in Fig. 411, The plate scales (1)
form a tightly packed layer that is closely adpressed to the
surface of the cell There are straight (cf Fig. 40) spines of
two lengths (2) and (3). Care must be taken to distinguish
them from the axopodia (4). which have extrusomes. Positive
identification now requires electron-microscopical study of
the siliceous artefacts Within the cell the nucleus (5) can be
seen. Phase contrast.
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A Amoeboid organism living in a stalked, perforated, organic test, through the pores 6( which extend
fine stiff pseudopodia. The pseudopodia bear small granules or extrusomes. Lorica 25-100 um in

diameter. Fig. 413 CLATHRULIN#

Bardele (1972) describes the fine structure and gen- 413

eral biology of this desmothoracid heliozoon. The

life cycle has a flagellated and an amoeboid phase.

Some aspects of the biology of a genus of smaller W,

species (Hedriocystis, Fig. 414) are discussed by p}“i‘m’z

Bardele (1972) and Brugerolle (1985). B TOTON T W
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Figure 414 Hedriocystis. A desmothoracid heliozoon. The
amoeboid organism lives within a stalked (1) test (2). Deli-
cate arms (3) bearing extrusomes extend through small
apertures in the test There may be a complex life cycle
mvolving flagellated swarmers, an amoeboid stage, and an
encysted phase This genus contains relatively small
species, but a second genus (Clathruling) of much larger
organisms may also be encountered. Phase contrast

B Organisms with rounded or conical bodies from which radiate fine arms, eachof whichendsasa
slightly swollen knob. The cells may be housed in a lorica. In some species the arms emerge in clusters,

sometimes from raised regions of the body.

Suctona are ciliates that lack both locomotor cilia
and feeding cilia. They have adopted a sessile life
form, and most species prey on other ciliates. Each
arm is an extended mouth: the knob at the end con-
tains extrusomes that will hold food ciliates (Fig.
423), Once the food is captured, the cytoplasm is
sucked down the arms into the body. A few suctorna

A Thebody isattached to the substrate by means of a stalk.

B Without a stalk. Size variable, 10-400 um.

‘There are several genera of non-stalked suctoria.
Others are, e.qg, Heliophrya (Fig. 416) and the
ectocommensal Dendrocometes (Fig. 417).

SUCTORIA GOTO 196

have prehensile arms, used to collect debris. Ciliate
affinities are evident from the fine structure and
from the ciliated motile larvae (Fig. 424), which
develop in a brood pouch, and/or bud from the apex
of the cell. See Matthes et al. (1988) for a guide to the
literature and genera.

Fig. 415 TRICHOPHRYA

//
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Figure 416 Trichophrya and Peranema. Trichophrya (1) is
a suctorian ciliate, but unlike most genera of suctona. it has
no stalk, and the body 15 pressed against the substrate. The
mouths or arms (2) radiate from the body. Each arm is
swollen at its tip where the extrusomes (used in the capture
of ciliates) are concentrated. Insade the cell the macronucleus
{3). micronuclei (4) and contractile vacuole (5) can be seen
Als=o visible is a small species of the phagotrophic euglemd,
Peranema (8) (see Fig. 71), with 1ts single anterior flagellum.
Phase contrast

Figure 417 Dendrocometes. This suctonan lives on the qill
plates (1) of the freshwater crustacean Gammarus. Strictly,
the ciliate is not a free-living organism (although it only uses
the qill plates for support), but it is included to llustrate a
less familiar kand of suctonan organization. The arms in this
genus are arborescent, i.e. they branch. In some arms the
central canal (2), along which food passes, can be seen
Only part of the body of the ciliate, along with several
contractile vacuoles (3), is in focus. Differential interference
contrast

A Thebody is lodged in a test or lorica (20-300 pm long) shaped like a stalked egg cup |

See Bardele (1968, 1970) for detailed accounts, and
Curds (1985a & b) for taxonomy.
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Figs 418 & 419 ACINETA

Figure 419 Acineta. A suctonan. Members of this genus are
contained within an extracellular lorica (1) and supportea
on a stalk (2). The arms (mouths) (3) are very clearly arran-
ged in clusters (fascicles). Each arm terminates in a broad
knob which houses the extrusomes used to hold onto prey
(other ciliates). Phase contrast. (Photo Tore Lindholm.)




| B Withouta lorica. GOTO 198

A Thearms are grouped in clusters, and the body is drawn out where the clusters arise. Cells 20-200 pm
long. ' Fig. 430TOKOPHRYA

B The body is almost spherical, arms not clustered. Cells 15-250 um long. Figs 421-424 DISCOPHRYA

B

k » \\."“‘

Figure 422 Podophrya. A suctonian ciliate. The trophic or-
ganism (as illustrated here) has no ciia. The organism is
attached to the substrate (1) by an extracytoplasmic (secre-
ted) stalk (2). A number of arms (3) radiate from the body,
each of which is a mouth; the knobs (4) at the tips of the arms
contain the numerous extrusomes used to hold onto ciliate
prey. Phase contrast.

Figure 423 Tokophrya feeding. The individual shown here
(1) is atypical because the stalk (2) is very short. The arms
(mouths) (3) radiate in clusters from the aboral end. Each
arm has a swollen tip where the extrusomes used in captur-
ing ciliate food are located. One tentacle (4) has a firm grip
on a ciliate prey, Colpidium (5). The ciliate remains alive as
cytoplasm is sucked along the arm and into the body of the
suctorian. As is usual afler feeding, the cytoplasm of the
suctorian looks granular. The prey may be released (alive)
after feeding is complete. Differential interference contrast.
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Figure 424 Discophrya and swarmer. Many sassile ciliates
produce motile, ciliated larvae (also called swarmers) upon
division. The swarmer, unlike the trophic cell, is able to
seek out new sites in which to settle. This picture enables
comparison of the trophic stage (1) with that of the swarmer
(2). The trophic cell has no cilia and numerous arms, at least
one of which (4) is attached to a ciliate (3), upon which the
suctonan is feeding. After being released, the swarmer
swims around until it finds a suitable place to settle. Meta-
morphosis then occurs, as shown here. Cilia (5) are still
present, but the arms (6) and stalk (7) have begun to develop.
Differential interference contrast

A small number of ciliates are coloured. A green coloration is usually caused by symbiotic green algae.
Most genera that have green species, also have colourless species (e.g. Climacostomum, Step 136; Coleps,
Step 180; Euplotes, Step 138; Frontonia, Step 150; Paramecium, Step 172; Prorodon, Step 182; Stentor, Steps
118 and 163; Vaginicola, Step 130). Diﬂuentspecieswtthsymbioﬁcalmemo&memuemdmm
mqummmmmﬂdmmmmmmwmw
different colours and be of different sizes, while symbiotic algae are similar in size and colour inany one
cell. A list of ciliates with symbiotic algae is given in Christopher and Patterson (1984). Other colorations
include pink (Blepharisma, Step 164; and some Stentor species, Steps 118 & 163) and orange (Keronopsis, a
hypotrich, Step 136). There are also blue, brown and black species of Stentor (Steps 118 and 163), and some
species of Nassula (Step 181) and Loxodes (Step 148) are golden. Certain algivorous ciliates, e.g. Nassula,
may have a polka-dot pattern (Fig. 380).
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Protozoan communities

Planktonic communities

The diversity of protozoa and the numbers of or-
ganmisms In the water column of bodies of fresh water
are usually a function of the amount of available
organic matter. Oligotrophic lakes and over-
winterning lakes typically have a sparse community
of organisms, but this gets richer during the pro-
ductive seasons and/or in richer eutrophic lakes. In
enriched lakes, aggregates of bactena and detritus
may form in the water as a result of microbial activity;
these aggregates may support a more diverse
community which resembles that found in and on
the benthos.

The water column typically contains autotrophic
and heterotrophic flagellates. Colonial forms are

common. In most cases the colonies are spherical
(1 & 8), the feather-shaped colonies of Dinobryon
(2-4) are atypical The heterotrophic flagellates
most usually consume bactera, whereas the larger
ciliates (15, 16 & 19) and heliozoa (12 & 13) may
prey on flagellates. Most of the larger ciliates feed
on small algae. If the oxygen content of the water is
low, species of heliozoa, Coleps (14), Euplotes (18)
and others with endosymbiotic green algae may
be present The algae produce photosynthates
which may be used as food by their hosts, but the
endosymbionts also generate oxygen which may
secure the survival of their hosts.

PLANKTONIC

1 Volvox (Figs 58-60), 2-4 Dinobryon (Figs 24 &
36), 5 Paraphysomonas (Figs 28, 100 & 101), 6
Kathablephans, 1 Trachelomonas (Figs 116 & 117),
8 Synura (Figs 54 & 55), 9 Gymnodinium (Figs 137 &
138), 10 Ceratium (Figs 129 & 130), 11 Amoeba
radiosa (Figs 141 & 142), 12 Raphidocystis (Figs 408

& 409), 13 Acanthocystis (Figs 410-412), 14 Coleps
(Figs 375-3717), 18 Phascolodon (Figs 314 & 315), 16
Lembadion (Figs 318 & 319), 17 Hastatella (Figs 372
& 313), 18 Euplotes diadaleos (Figs 259-261), 19
Tintinnidium (Fig. 370), 20 Halteria (Figs 304 & 308),
21 Cyclidium (Figs 331 & 332) (Scale bar 50 pm).
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Attached communities

Submerged surfaces, whether inert, of plants or
animals, or of detritus, often harbour rich and diverse
communities of protozoa. Some species are per-
manently fixed to the surfaces; others browse over
it.

Attached species typically remove food (in the
form of suspended particles) from the surrounding
water, by using flagella or cilia to create a flow of
fluid and then extracting the bacteria with some
kind of filter system. Heliozoa (7 & 8) adopt a dif-
ferent approach, relying on the movements of the
prey, usually flagellates and small ciliates, to
guarantee contact with the food. Food is trapped
after it touches the ‘adhesive’ arms. Smaller
species (flagellates, (1-6) and peritrich ciliates
typically consume dispersed bacteria; the larger
species prefer bigger food (usually other protozoa).

Many attached ciliates have specialized distri-
butive stages (larvae or swarmers) which are pro-
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larger predators (flatworms and snails) which may
glide over the submerged material
Organisms that move over the immersed sur-
faces include hypostome ciliates, with their ventral
mouths (15); hypotrich ciliates (13 & 14); a
bodonid and euglenid flagellates (7-10). These

algae, or filamentous cyanobacteria. ‘Attachec
protozoa may also be encountered in the water
column, where they tend to be associated with
aggregates of detritus.
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ATTACHED

1 Monosiga (Figs 29(a) & (b) & 30), 2 Codosiga
(Figs 43 & 44), 3 Anthophysa (Figs 45-47), 4 Bi-
cosoeca (Figs 31 & 32), § Actinomonas (Figs 26 &
27), 6 Paraphysomonas (Figs 28, 100 & 101), 7 Bodo
(Figs 25, 67-69), 8 Rhynchomonas (Figs 62 & 63), 9
Urceolus (Figs 87 & 88), 10 Entosiphon (Figs 75 &
76), 11 Clathrulina (Fig. 413), 12 Acanthocystis

(Figs 410-412), 13 Aspidisca (Figs 246 & 247), 14
Euplotes (Figs 259-261), 18 Trithigmostoma (Fig.
299), 16 Acineta (Figs 418 & 419), 17 Vorticella
(Figs 232-235), 18 Vaginicola (Figs 242 & 243), 19
Stichotricha (Figs 218 & 219), 20 Stentor (Figs
213-216), 21 Chilodonella (Figs 297 & 298) (Scale
bar 50 pm).
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Benthos

The benthic environment accumulates energy in
two ways: from organic matter that settles from
above; and by photosynthesis of organisms in the
sediment. In most standing bodies of fresh water,
the provision of energy through detritus usually
exceeds that produced by photosynthesis. Con-
sequently, there tend to be large numbers of
bacteria and of the protozoa that feed on bacteria.
The particular composition of the protozocan com-
munity depends on the season, the amount of organic
matter, and the depth of the overlying water, etc.
The community illustrated here is of a type found
in relatively clean waters. A wide range of taxo-
nomic territory and of size is represented, from
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large amoebae (12) to flagellates that are no more
than a few micrpns in'size (7) Bactena tend to be’

detritus. ¥
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1 Paraphysomonas (Figs 28, 100 & 101), 2 Noto-
solenus (Figs 79 & 80), 3 Entosiphon (Figs 75 & 76),
4 Peranema (Figs 70-72), 8 Bodo (Figs 285, 67-69), 6
Protaspis, T Rhynchomonas (Figs 62 & 63), 8 Petalo-
monas (Figs 82-84), 9 Cryptodifflugia (Figs 166 &
167), 10 Arcella (Figs 171-173), 11 Difflugia (Figs
186-188), 12 Amoeba (Figs 194-197), 13 Mayorella
(Figs 192 & 193), 14 Pompholyxophrys (Figs 158 &

159), 18 Actinophrys (Figs 396-399), 16 Actino-
sphaenum (Figs 394 & 395), 17 Loxophyllum (Figs
282-284), 18 Cinetochilum (Figs 250 & 251), 19
Cyclidium (Figs 331 & 332), 20 Paramecium cauda-
turn, 21, 22 Aspidisca (Figs 246 & 247), 23 Euplotes
(Figs 259-261), 24 Stylonychia (Figs 256-258), 25
Spirostomum (Figs 321-323) (Scale bar 100 um).
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Organically rich benthos

Benthic habitats are periodically likely to accu-
mulate large quantities of organic matter, such that
the physiological demands made on the organisms
become much greater; survival may depend on
tolerance to low oxygen levels or acidity.

In organically overloaded sediments, bactena
and dissolved organic matter are the principal
sources of food, and most species of indigenous
pmwzoaarebactenvoresorosmouoplscompamd
wnh well-aerated sites, there is little diversity in

the community and familiar and widespread species
become common. These species are largely the

1 Helkesimastix (Fig. 81), 2 Bodo saltans (Figs 25 &
69), 3 Bodo caudatus, 4 Heteromita, 8 Cercomonas
(Figs 65 & 66), 6 Chiomonas (Figs 96 & 97), 7
Trepomonas (Figs 104(b) & 105), 8 Hexamita (Figs
103, 104(a) & 108), 9 Bodo saltans (Figs 25 & 69), 10
Spumella (Fig. 102), 11 Polytoma (Fig. 98), 12
Astasia (Figs 89 & 92), 13 Cryptodifilugia (Figs 166
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most weed-like of protozoa, in that they are the
species which can usually be extracted from almost
any permanent body of water. They appear in
samples brought back to the laboratory, where
higher temperatures stimulate the growth of
bacteria and lower turbulence leads to a decline in
oxygen levels. Often, these are the species (drawn
from genera such as Paramecium, Chilomonas, and
Astasia) which will grow readily in culture, Some of
the species illustrated here are also encountered
in waste-water treatment plants, which have a high
content of organic matter.

& 167), 14 Colpidium (Figs 337-339), 18 Gla
(ﬁ@m&m) 16 Paramecium caudatum, 17
mecium putrinum (Fig. 348), 18 Cyclidium
331 & 332), 19 Haltenia (Figs 304 & 305), 20
sticha (Figs 268 & 269), 21 Diplophrys (Figs 146 &
147), 22 Spirostomum teres (Figs 321 & 322),
Loxodes (Figs 280 & 281) (Scale bar 50 um).
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Anoxic benthos

As the organic loading in a habitat rises, so the
amount of oxygen required by the microbial com-
munity, which degrades the organic matter, rises.
In benthic environments, oxygen is only supplied
from above. As it diffuses into the sediments, it is
consumed by the microbial community. At a certain
depth, no further oxygen is available for microbial
respiration. At this point, which varies in position
from above the sediment to many metres below
the sediment surface, the habitat becomes anoxic.
Deeper in the sediment, the metabolism of the
microbial community has to rely on other compounds
to take over the role of oxygen as a terminal electron-
acceptor. Ultimately, carbon dioxide and various
sulphur compounds are used (with methane and
sulphides as by-products); metal salts, especially
iron, are converted to metal sulphides (usually

black) and hydrogen sulphide gas (which smells
bad to initiates, but promising to the cognoscenti)
is given off. This kind of environment is referred to
as being ‘reduced’ The physiological conditions
are very different to those of oxygenated areas,
and most organisms that require oxygen die rapidly
if placed in a reduced habitat.

Protozoologically, the reduced environment is
very interesting as a varniety of specialized protozoa
exist in such conditions. Some of these (pelobionts
and diplomonads, 1-8) are believed to have
evolved before oxygen was available on the earth,
and to have survived in anoxic environments ever
since. However, most, for example the ciliates
(7-14), have adapted aerobic metabolism to suit
life in reduced habitats, a major benefit of which is
reduced competition for rich supplies of food.

ANOXIC BENTHOS

3 //€\¢_I 3
NS S 2

1 Mastigamoeba (Fig. 81), 2 Mastigella (Fig. 86), 3
Pelomyxa, 4 Hexamita (Figs 103, 104(a) & 106), §
Trepomonas (Figs 104(b) & 108), 6 Trigonomonas, 1
Brachonella (Fig. 310), 8 Metopus (Figs 308 & 309),
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9 Spirostomum (Figs 321-323), 10 Plagiopyla,
Loxodes (Figs 280 & 281), 12 Saprodinium,
Myelostoma, 14 Caenomorpha (Figs 306 &
(Scale bar 50 pm).



Sewage treatment plants

Sewage treatment plants receive water containing
dissolved and particulate organic matter and
bacteria in suspension. The purpose of the plant is
to remove this matter, a process usually carried out
by a microbial community of (principally) bacteria
and protozoa. The community removes the incoming
organic matter by converting it to a form (flocs,
slime, etc.) that can easily be separated from the
fluid, with the result that a relatively clean effluent
1s produced.

Because this process is biological, it is sensitive
to factors which may affect organisms. The process
will change as a function of the temperature, the
nature of incoming materal, pollutants, and the
nature of the microbial community, etc. Two factors
have a major influence on the biological com-
munity and the performance of the process: the
length of time that incoming sewage is exposed to
microbial processing (the retention or residence
time), and the concentration of organic matter
being added to the process (organic loading).

In normal water bodies, microbial communities
that receive an input of organic matter are normally
subject to a predictable sequence of change, a
succession’, which begins with the growth of
bacteria. Predators that eat bacteria, grow fast, and
are most tolerant of the consequences of high levels
of organic matter (low oxygen, acidity) will appear
next — usually this means small flagellates. The
flagellates will reduce the numbers of bacteria so
that the demand for oxygen is lessened and the
water body can become more oxygenated. This
reduces some of the physiological constraints on
organisms, allowing the community to become
more diverse. Rapidly growing ciliates which also
eat bacteria, and some small amoeba are usually
next to appear. They are followed by slow-growing
ciliates and amoebae, which are often specialized
to eat restricted types of food (e.g. filamentous
bacteria, other ciliates, etc.). Given that environ-
ments are not homogeneous, it may be possible to
find a few representatives of any part of the suc-
cession at any one time.

Most sewage treatment works are biological
systems whith are subject to an input of organic
matter. Because the input is continuous, the normal
development of a succession does not occur. In-
stead, the succession is terminated at a stage that is
determined by the rate of flux of fluid through the
system. The passage of fluid through the system
removes some of the organisms of the community
and any species which cannot reproduce quickly
enough to compensate for such a loss will be re-
moved from the system Thus, sewage treatment
systems with fast flow rates will tend to favour or-

ganisms with rapid rates of reproduction, usually
the smaller protozoa such as flagellates (Zone A) or
small ciliates (Zone B). If the passage of fluid is
slow, then a greater diversity of organisms is likely
to appear, ultimately extending to metazoa which,
in contrast with protozoa, have slow rates of repro-
duction (Zones D and E).

An increase in the organic loading leads to a
higher demand for oxygen. Oxygen levels in the
process may become depleted, and the plant may
even become anoxic despite mechanisms to keep
it aerated. Over-loaded systems will tend to har-
bour organisms that prefer anoxic conditions (Zone
A) (pelobionts, 1; diplomonads, 2). Heavily loaded
systems with low levels of free oxygen will favour
those flagellates, amoebae, and small ciliates (3-17)
normally found in organically polluted habitats. As
the loading of organic matter declines, so more
normal conditions prevail, and the diversity of or-
ganisms which may live under these conditions in-
creases. The number of individuals encountered is
usually smaller in underloaded plants,

The zones illustrated over the page indicate the
kinds of organisms that are likely to be prevalent
under particular circumstances. The boundaries
between zones/communities are not clear cut. The
organisms in Zone A are mostly anaerobes or micro-
aerophiles and are found in high-rate sewage
treatment works that take in very high concentra-
tions of organic matter. Such plants are usually
found in urban areas, where the pressures of popu-
lation tend to necessitate a rapid flux of material
through the plant. Such plants often produce a
turbid (= poor) effluent.

Zone B contains many bacterivorous species
which are tolerant of organic pollution; these organ-
isms are usually found in plants with a moderately
high organic loading and with a fair quality of
effluent in that the organic matter separates readily
from the fluid Sewage plants with communities
dominated by organisms in Zone C and above usu-
ally produce a relatively high quality of effluent.
The types and diversity of organisms indicate a
relatively long residence time and, therefore, the
opportunity for the community to metabolize and
convert incoming organic matter. Systems harbour-
ing organisms mostly in Zones D and E must have a
fairly long residence time (e.g. ditch systems).
Such systems produce minimum amounts of sludge
andsoreduoetransportanddxsposalcosts How-
ever, they are inefficient in that relatively small
amounts of sewage are treated, and at a low rate,
and they can either be given more organic matter
or be run at a faster rate.
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ORGANIC LOADING
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1 Mastigamoeba (Fig. 81), 2 Hexamita (Figs 103,
104(a) & 108) and Trepomonas (Figs 104(b) & 108),
3 Paraphysomonas (Figs 28, 100 & 101) and Oico-
monas, 4 Chilomonas (Figs 96 & 97), § Diplophrys
(Figs 146 & 147), 6 Pamphagus (Chiamydophrys),
(Figs 168 & 169), 7 Vahlkampfia, 8 Bodo saltans
(Fig. 69), 9 Monosiga (Figs 29(a) & (b) & 30), 10
Cercomonas (Figs 65 & 66), 11 Goniomonas (Figs
98 & 99), 12 Cochliopodium (Figs 161 & 162), 13

190

Cinetochilum (Figs 250 & 251), 14 Cyclidium (Figs
331 & 332), 18 Aspidisca (Figs 246 & 247), 16 Trachelo-
phyllum, 17 Mayorella (Figs 192 & 193), 18 Petalo-
monas (Figs 82-84), 19 Rhynchomonas (Figs 62 & 63),
20 Thecamoeba (Figs 209 & 210), 21 Paramecium
putrinum (Fig. 348), 22 Vorticella microstoma, 23
Vorticella spp. (Figs 232-235), 24 Chilodonella
(Fig. 298), 25 Bicosoeca (Figs 31 & 32), 26 Poterio-
dendron, 21 Peranema (Figs 70-72), 28 Arcella




LONG RESIDENCE TIME

(Figs 171-173), 29 Trinema (Figs 180 & 181), 30
Litonotus (Figs 285-287), 31 Actinophrys (Figs
396-399), 32 Operculana (Figs 226 & 227), 33
Rhabdostyla (Fig. 237), 34 Carchesium (Figs
223-225), 35 Trithigmostoma (Fig. 299), 36 Hemio-
phrys, 31 Oxytricha (Fig. 263), 38 Zoothamnium
(Figs 220-222), 39 Vorticella hamata, 40 Prorodon
{Figs 384-386), 41 Spathidium (Figs 275 & 276), 42

Colpidium (Figs 337-339), 43 Tokophrya (Fig. 420),
44 Acineta (Figs 418 & 419), 45 Paramecium cauda-
tumn (Fig. 334), 46 Euplotes (Figs 258-261), 47 Spiro-
stomum (Figs 321-232), 48 Pleuronema (Figs 333 &
334), 49 Stentor (Figs 213-216), 50 rotifer (Fig. 15),

51 nematode (Fig. 18) (Scale bar 100 um).
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Clossary of terms

Aboral: relating to position - away from the mouth (cf. Adoral).

Acronematic: relating to flagellum — with thinner region near the tip (distal).

Acsinophryid: a type of heliozoon (see Step 188) with tapering arms, €.g. Actinophrysand Actinosphaerium.

Acsinopod: pseudopodium with an internal support, usually of microtubules; or organisms (heliozoa, radiolaria) with
such pseudopodia.

Activated sludge plant: part of one type of modern sewage treatment process in which sewage is viclently aerated, and
s=ch (typically) supports large populations of ciliated protozoa.

Adaptive strategy: a suite of linked properties of an organism, which together make it more competitive. Often said of
swolutionary trends in which convergence isevident (e.g. sessile habit, colonial habit, etc.).

Adhering: attached.
Adoral: relating to position - near the mouth (cf. Aboral).

Adoral zone of membranelles: a band of membranelles found in polyhymenophoran (spirotrich) ciliates (Step 116). It
exsends from the front of the cell to the cytostome. Mostly used for feeding, but occasionally for locomotion.

Agar a commercially available gelling material used as a basis for cultures of bacténa, fungi and some protozoa. Add
. = gper 100 mlof water. Heat indirectly ina water bath. When molten, pour into Petri-dishes or equivalent containers.

Aogiutinated: sticking/stuck together. Often said of the tests of some protozoa, which are made from pieces of debns
senosomes) that adhere to each other (Fig. 187).

Bigae: organisms capable of photosynthesis without relying on symbiotic organisms. May be prokaryotc = bacternal
‘siue-green algae = cyanobacterna), or eukaryotic, in which case mostly (some say exclusively) protists Said of, e.g.
seenalgae, brown algae, diatoms, chrysophytes (chrysoflagellates) and cryptophytes (cryptoflageliates).

Aloricate: no lorica present.
Amoeba: protists that move using pseudopodia.
Amoeboid: like an amoeba. Usuaﬂymeansthattheorgamsmhasthempacitytopmduoepseudopodm

said of organisms capable of gaining energy and nutrients by both autotrophic and
sessrotrophic means (= mixotrophic).

Sspullae: part of the contractile vacuole complex of some protists. Distensible channels found in the vicinity of
smtractile vacuoles (Fig. 288).

Azastomose: said of pseudopodia that branch and fuse, thereby forming a network. Asin Biomyxa (Fig. 144).

Ssimals: multicellular eukaryotes, mostly with cells arranged in epitheha (layers attached to collagenous base),
s=ning energy and nutrients by ingesting particles of food; or clearly related to such organisms. The invertebrates and
s=mebrates. Inapproprniately used in reference 1o protists, e.g. when protozoa are referred to as unicellular animals.

Asoxic: no free oxygen present, a situation that commonly arises in natural habitats when the biological demand for
sxygen exceeds the supply, e.g. insediments or when a site is organically polluted.

Asserior: the front part of the cell. Usually determined as being in the direction of normal movement.
Aperture: an opening. Used in relation to tests or loricae to refer to the site of emergence of pseudopodia, flagella, or
==lis

Apex: the most anterior pointofa cell.
Apical: pertaining to the apex (the anterior pole).
Asborescent: relating to type of colony with a tree-like, branching pattern.

Szmx long, thin, non-motile projection from a cell, pseudopodia of heliozoa (Fig. 397) or feeding tentacles of suctoria
g 419).

Ashalamida: a type of amoeba with filose pseudopodia and no shell. Usually regarded as being related to foraminifera.

Amached: adhering to a fixed point of the substrate, either permanently (cannot easily detach) or temporarily (can
sasily let go).

Asypical: unusual. Normally said of an organism that is quite unlike other members of its group.
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Amouopuc:mganiam&attapemmyﬁomphysicaloxchemicalmmmsaﬁwemeewgymamambbthe
macromolecules of which they are made, e.g. photosynthesis (cf. Heterotrophic).

Axenic: said of cultures, to indicate that no other speciesis/are present, that is, without bacteria, pure.
Axk:aconcepmallinepmsingkomtheametiorpoleoﬂhecelltomepostexiorpole.

Axoneme: a geometncally packed assemblage of microtubules (subcellular scaffolding) used to support flagella, the
arms of heliozoa, ete.

Axopodia: pseudopodia with internal skeletal structures made of microtubules.
AZM: abbrewviation for adoral zone of membranelles.
Back: dorsal (cf Ventral).

Bacteria: prokaryotic organisms. Typically used to refer to those not having photosynthetic pigments, but stnictly
including the blue-green algae (cyanobacteria).

Bacterivore: eats bacteria (= bactivorous).
Bacterivorous: said of bactenvores.

Basket: a cylindrical assemblage of microtubular rods, which surrounds the mouth of some cyrtophore ciliates (Fig.
379), and is used during the uptake of food.

Benthic: associated with the benthos.

Benthos: the bottom sediments of rivers, lakes, ponds, etc..

Bicosoecida: a type of filter-feeding flagellate (Fig. 32),

Biodisc: part of a process of sewage treatment. Usually supportsa film rich in protozoa.
Biogenic: produced by living organisms (e.g. biogenically derived macromolecules).

thkmutreducedmudsfomdbelowthembceofsedimenminlakes. rivers, etc. The blackness is caused by the
occurrence of metal sulphides.

Bloom: dense growths of organisms, usually algae. Typically short-lived and typically of one species.

Blue-green:a cobmduewmephowsymhelicplgmemsolprokaryoucalqae. The bluish tinge is caused by accessory
photosynthetic pigments (Fig. 4). :

Blue-green algae: the only kind of alga that is prokaryotic. Some prefer the terms ‘cyanobacteria' or blue-green
bacteria’ to emphasize prokaryotic affinities.

Bodonid: a type of small flagellate (Fig. 68) related to trypanosomes.

mmmammommmnumpesbgammnmmmn Contrast is low, so suitable for
stained maternial, not suitable for observing most protozoa (Fig. 349).

Buccal: relating to mouth structures (e.q. buccal ciliature),
Capitate: with a head. Said of tentaclesof, e.g. Mesodinium (Fig. 274).

Cell: mass of cytoplasm bounded by plasma membrane. Of two types. prokaryotic or eukaryotic Eukaryotic organisms
are the animals, plants, fungi and protists. Mostptoustsarecomprisedofasinglecell.andwithptotists. the term
‘organism' is synonymous with ‘cell’,
meysochandemedwmmemus(mmmuyammdMWme)dcemmmofoen

Centric: a type of diatom (Fig. 8) exhibiting radial symmetry, e.q. Stephanodiscus and Melosira.

Centrohelid: a type of heliozoon, with thin, parallel-sided, arms and with prominent extrusomes, e.g. Acanthocystis
(Fig. 411).

Chlorophyil: a family of pigments used in photosynthesis to trap radiant energy. Normally located within chloroplasts.
Chiloroplasts with chlorophyll bhave a bright green colour, while those with chlorophylls a and c are off-greenor
yellow-green See Colour.

Chloroplast: an organelle found in eukaryotic algae and plants (and occasionally as symbionts in certain protozoan and
animal cells). The site of photosynthesis and of chlorophyll See Colour and Chlorophyll

Chorotrich: a type of ciliate found as an ectosymbiont on crustacea (Fig. 381).
Chromatic aberration: a fault in microscopes that leads 1o a failure in the object being imaged faithfully. Colours are
poorly imaged so that the ‘wrong’ colour is seen, or a colour may be seen when none is present in the object.
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Chromosomes: assembilages of the meolecule DNA in nuclei of eukaryotic cells. Genetic information is located on
chromosomes. Chromosomes of dinoflagellateshave a peculiararrangement, andean beobservedin iving cells (Fig.
132).

Chrysomonad: a type of flagellate (Flg 23): autotrophic, mixotrophic or heterotrophic. Plasnds xf presem with -
chiorophylis a and ¢, with two unequal flagella. Alsorefenedtoascmysosorchxysophytas ]

Chytrids: a type of protist believed to be related to fungi. Witha ﬂaqellated stage which settleson other organisms,
sending a branching system of Thizoids' into the host cell, and using them to draw up energy and numems Flagellated
stage has a single long posterior flagellum. .-

Cilium: a behavioural type of eukaryotic flagellum, distinctive becauseitoccurs i largenumbers, hasa co-ordinated
behaviour, and usually directs fluids parallel to the surface.

Cingulum: a horizontal or spiral groove on the surface of dinoflagellate cells, in which lies a flagellum.

Circumferential: relating to the circumference. Usually means passing round the cellm a plane normal to the
(longitudinal) axis of the cell (as of Cingulum).

Cirrus: a locomotor structure typical of hypotrich ciliates, formed from a tight cluster of individual cilia (Flg.ZGl)that
move asa single entity.

Coccoid: rounded in shape, ball-like.

Collar: a thin flange encircling a structure, e.g. mecollarofpseudopodxaaroundmenagenumofcollarﬂageuates(ﬂg
29).

Collar flagellate: a type of flagellate (Fig. 29), e.g. Monosiga.

Collecting canal: part of the contractile vacuole complex of certain cihates. One or more of these stmcmrw may lead
from the cytoplasm to the contractile vacuole (Fig. 345).

Colonial: a type of organization in which many cells are bound together by secretions or cytoplasmic extensions. The”
cells are usually similar, and so compete with each other for resources, but some degree of differentiation (cellular

specnahzanon) does occur in a number of colonial species. Colonies are usually spherical if planktonic, or azboxescem

Colour: colour in protists can be a useful diagnostic feature. It may be caused by: photosynthetic pigmentsin .
chioroplasts(e.g. Fig. 121); by other pigments in the cytoplasm (Fig. 325); by metal salts which accumulate in secretions
(e.g. Trachelomonas, Fig. 117); or may be artificially created by chromatic aberration. Many colour-blindpeople will.
not be able to distinguish between different pigment combinations in chloroplasts.

Colpodid: a type of ciliated protozoan (Fig. 328), e.g. Colpoda. _-
Compound microscope: a type of microscope with a selection objective and eyepiecelenses asillustratedonp. 8.~

Condenser: part of a compound microscope situated between the light source and the specimen. Usedtofocushghl
onto the specimen.

Conjugation: a type of sexual event during which two cells fuse (Fig. 344). ltmayowmaymtbadwxeproducnon
Contract: a kind of cellular motility in which the whole or part of a cell shortens ata visible rate inone or more.
directions.

Contractile vacuole: part of the contractile vacuole complex; often the only part that is visible with the ight microscope.
Collects fluid and periodically allows the fluid to be discharged through the cell surface (Fig. 283).

Contractile vacuole complex: an organelle involved in osmoregulation in protist cells. Compnses a contractile vacuole,
spongiome (a membrarnbus system not usually visible with the light microscope), possibly a pore, collecting canals,
and ampullae,

Convergence: refers to similarity in form (or other features of organisms) that has been achieved independently,
usually asa means of adapting the organism to a particular life style, e.g the star-shape of actinophryids (Fig. 397) and
centrohehds (Fig. 411).

Crawling: a type of movement in which the organism moves across the substrate while maintaining continuous contact
with it. May involve no visible organelles (ghding), or cilia or flagella.

Glmhtad.wimaregmarlyindemadmargm
Crmatypeofarmropod(metaman) mchxqucopepodsandostracods

Cryptomonad: a type of flagellate (Fig. lzs)mthtwoannlaxnagelh emerging from an anterior depression, andwnh
Musibleelecnsomaassomatedwnhthedeprmon Alsoretenedtoascryptosandcryptophwea

Cyanobacteria: blue-green algae.
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Cyrtophorine: a type of kinetofragminophoran ciliate with a nasse associated with the mouth (Fig. 298), e.q.
Chilodonella.

Cyst: a differentiated state in which the body 1s enclosed within a continuous extracellular lorica, and exhibits very little

activity (Figs. 152 & 399). Exploited only by some species Often used to increase chances of survival in unfavourable
conditions.

Cytoplasm: the matter that makes up cells, within which organelles occur.
Cytopharynx: part of the food ingestion apparatus (mouth) of some cells. Usually a channel of microtubules that draws
newly formed food vacuoles away from the cytostome and into the cell (Fig. 342).

Cytoproct: the site at which old food vacuoles fuse with the cell surface, and undigested residues are excreted. Found
insome ciliates. )

Cytoskeleton: intracellular components used to give shape to a cell, or to create tracts along which cellular organelles
may be moved. Mostly comprised of microtubules and actin filaments.

Cytostome: literally, the cell mouth'. Used only in reference to organisms that ingest food at one or more particular
locations (and then best used in reference to the region(s) of the cell surface through which food gains entry into the
cell). Part of the ‘mouth’ structures. See also Cytopharynx.

Dark ground: a type of imaging in microscopy, in which the object appears bright against a dark background (Fig. 353).
Daughter colonies/daughter cells: the products of the cell division of protists.
Desiccation: drying out. Dehydration.

Dichotomous: a pattern of branching in colonial organisms in which one element (stalk) gives rise to two equal and
divergent branches. Also used in reference to identification keys in which the identity of an organism is established by
presenting questions for which there are only two acceptable answers.

Differentiation: the act of becoming specialized (differentiated) in form or function. Protists may be specialized to feed
(trophonts), to weather unfavourable conditions (cysts), or to hunt out new resources (theronts). Each of these statesis
achieved through differentiation.

Diffusion feeding: feeding strategy in which the predator relies on the movements of the prey to make contact, asin
heliozoa and suctoria.

Distal: away from (cf Proximal).

Division: the most common mechanism of reproduction of protists, in which a cell replicates itself by dividing into two.
The plane of division of ciliates 1s usually across the cell body (transverse, Fig. 34 l) flagellates usually divide
longitudinally (Fig. 92).

Desmid: a type of green alga (Figs 9 & 10).
Desmothoracid: a sessile protist in which a heliozoan-like organism is located within a lorica (e.g. Clathrulina, Fig. 413).
Detritovore: eats detritus.

Detritus: fragments of dead plant and animal material before, during and after breakdown by agents of decay. May
Incorporate inorganic matter (such as mud).

Diagnostic; used in relation to a particular charactenstic (feature) of an organism, which is quite distinctive and
therefore can be used to identify that organism.

Diatom: a kind of protist with chloroplasts and a siliceous lonca/wall (Fig. 6). Of two kinds: centric and pennate.
Common and widespread. o

Differential interference contrast: a type of imaging used in light microscopy, in which the boundaries of refractive
index difference are revealed as a light-dark boundary (Fig. 352). Ideal for the study of protists, asa very thin optical
slice1s taken through the specimen so that organelles are shown clearly (also called Nomarski).

Diplomonad: a type of flagellate (Fig. 104) with two nuclei and two sets of four flagella, e.g. Trepomonas and Hexamita.
Dispersed: said of bactena that float freely or swim 1n a fluid environment (in contrast to Attached or Adhering).

Dissecting microscope: a microscope with relatively low magnifying powers, but witha very wide field of viewand a
long working distance between the object and the objective lenses Suitable for low-power scanning of samples. Also
referred to asa binocular microscope.

Dorsal: refers to the back of the cell, Le. the face of the cell away from the ventral (cf. ventral). The concept does not
alwaysapply.
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Ectosymbiotic: an organism living on the surface of another organism.
Ejectisome: a type of explosive extrusome found in cryptomonads.
Elongate: relatively long shape (length more than three times greater than the breadth).

Emergent: referring to emerging or coming out, e.g. euglenids may have two flagella, but only one may project from the
frontof the cell, L.e, the emergent flagellum.

Encyst: to change from a trophicor other state to a cyst (cf. Differentiation).

Envelope: used to refer to enclosures, such asa mucilaginous sheath enclosing a cell body. Also said of the space used
by the flagellum when beating normally. In profile, the beat envelope may have a peculiar shape which may assist in
the identification of an organism.

Bqnnl:saidofﬂageuawhemheyaresimﬂannlengthandmbehaviour(cf. Unequal).

qumhlgmon:agmovethatpassmammdmemiddleoftheceﬂmaplmeatnghtamlestothelonq:mdinalansof
the cell.

Bmptive:refexstoatypeofnwvemembylobosepseudopodia. mwhichmepseudopodjaproqrbyasequenoeof
sudden bulges, rather than by a gradual and continuous flow.

Euglenid: a type of flagellate (Step 32), mostly with an ability to squirm, and/or witha helically sculpted body. Some have
chloroplasts. Typically with rather thick flagella, e.g. Euglena and Peranema. Also referred to as Euglenophyceae.

Euglenoid motion: a kind of squirming motion typical of some euglenids. Also called metaboly.
Eukaryotic: refers to cells with nuclei and other membranous organelles, the plants, animals, fungi and protists.
Eumycetozoa: a type of slime mould (Fig. 20).

Excrete: to eject matenals from cells. Best used in reference to undigested residues of food from food vacuoles, or in
reference to fluid (cf Secrete and Extrude).

Excyst: to change from an encysted state to another viable state (cf. Differentiation).

Exoskeleton: a supportive structure lying outside the cell or body,

Extracellular: outside the cell

Extrude: to push out.

Extrusome: a kind of organelle, the contents of which can be extruded, e.g. to catch or kill prey, or for protection.
Extrusopodia: pseudopodia that bear extrusomes (Fig. 404).

Eyepiece: the lens(es) of a microscope that cast(s) an image into the eye. Also referred to asocuiara

Eyespot: a structure found in some flagellated algal cells. Usually ared or orange collection of oil droplets, Believed to
be able to detect light and to influence the movement of the cell. Also referred to asa stigma.

Facultative: optional, said of a state whichan organism may or may not adopt, depending on circumstances (cf,
Obligate).

!-'ieldofview:meareathatmaybeseenwhenlooldngdownmeeyepiecaofamicroscope.'I'hew‘»dthoftheaxea
depends on the design of the microscope and the choice ofobjective. However, itisalways the same fora given
objectiveononemicmscopeandsocznbemedwmakerwghesmmlesotceﬂm .

Filament: a thin strand. May refer to the appearance of an organism, astrand of cytoplasm, or to the thin metal wire ina
bulb, which is heated to emit light

Filose: refersto a type of thin, thyead-like pseudopodium without an internal skeleton (Fig. 181).

Mbedhu:atypeoﬂeedinginwiﬁchsmpendedpamclesarecomned. Requiresa propeller (usually cilia or
flagella) to direct a current of water to the cell, and a filter (or other) device to concentrate the particles before
enclosure within a food vacuole.

Fix: to attach (e.q. to the substrate), or to killand preserve.

Flagellum: a filamentous structure used for motion. Flagella of prokaryotes are biochemically, structurally and
functionally very different from flagelia of eukaryotes. The eukaryotic flagellum has a skeletal component compnsed of
microtubules, and is flexed by an interaction of the protein dynein with the microtubules. The microtubules forma
cylindrical structure, the axoneme, inside the flagellum. Cilia are a modified kind of eukaryotic flagellum. Prokaryotes
have a stiff flagellum that is rotated to prope! the cell.

Flagellar membrane: the membrane enclosing the axonemal part of a eukaryotic flagellum.
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ﬂwdhrpoehacadeprmonmUwoeuwfaceo!euglemdsandcryplommda at the base of which are inserted the
flagella. May be referred to as a reservoir.

Flagellate: a kind of protist that bears flagella. Refersto a very diverse group with unclear boundaries. Distinguished
from ciliates because the flagella are few in number, and usually create a thrust along the length of the organelle, rather
than parallel to the body surface.

Flatworm: a type of metazoan (Fig. 14) that uses cilia and muscles for movement, and ingests food through a muscular
channel, the pharynx. Soft bodied.

Flotation: pertaining to floating. Protists may be modified to favour floating rather than sinking. Typical adaptations to
flotation include long arms or spines.

Focal plane: a plane in which the image produced bya microscope is in focus. Used, e.g., in reference to the location of
the shutter of a camera.

Food web: an ecological concept conveying a sense of the complex interactions within a community, where organisms
can indirectly or directly affect others by acting as food or as predators, or by competing with each other for food.

Free-living: referring to organisms that live in inert habitats (water bodies, soils, sands, etc.), move, and gain their food
without relying on the intervention of other species (as opposed to parasitic or symbiotic). The category does not have
sharp boundaries.

Free-swimming: referstoan organism that 1s able to move freely through the fluid phase of medium. Compare with
crawling or gliding, where the organism requires contact with the substrate.

Front: the antenior. That part of the cell projecting forwards when the cell is moving.

Prustule: the siliceous lorica of a diatom

Gastrotrich: a type of metazoan. Resembles some ciliates (Fig. 16),

Gelatinous: with a jelly-like consistency.

Genus: a taxonomic rank above the level of species (a genus contains one or more species). Organisms carry two
names (e.q. Pompholyxophrys punicea or Paramecium aurelia), usually written in itah'cg The first name is the genus

Gliding: a type of movement in which the Organism remains in contact with the substrate. The movement is gradual, and
the contribution made by individual organelles of locomotion is not evident (cf Crawling).

Golden: a colour usually used to describe chloroplasts that contain chlorophyllsaand ¢ (asin chrysomonads). Other
colours are green, off-green or blue-green.

Granules: solid inclusions in cells, or items adhering to the surface of cells. Usually refractile, in that they may look
bright when viewed with the MICTOSCOpe.

&mmrefemwamofpseudopodnnnmuybmdmmemnmbrammﬁem The pseudopodia have a
granular texture and form a network (see Lieberkuehma, Fig. 170), e.q. granuloreticulose amoebae.

Graticule: a glass disc with a scale, grid or other pattern etched into the surface. Placed in the eyepiece of a
microscope, niscahbratedagainstascaleonashdeandused(mostly)tomeasmelhesmesofmxcrosoopicob)ects

Green: a colour used to describe chloroplasts, indicating that chlorophyll b is present. Plastids without chlorophy‘ll b
are less bright in colour, and may be off-green, golden, or blue-green. Chloroplasts that contain chlorophyll b are found
in euglenids, greenalgae (including volvocids) and some symbiotic algae of ciliates and amoebae.

Greenalgae: the Chlorophyceae - algae with green chloroplasts and an external cell wall made of cellulose. This
group includes desmids, volvocidsandﬁlamentousgreenalqae. and gave nise to the land plants.

mawpeofamoebaewuhﬁbsepseudopodxaandabnca
Groove: a long, shallow depression onasurface,

Gullet: a term that is sometimes used to refer toa depressionona cell surface, particularly one into which flagella are
imened(seeﬂmabxpocket), Notadasuabletexmasitmmleadinglymgestsarolemboduptaka

Haptorid: a type of cihiate that preyson other protozoa, usually other ciliates, capturing and/or killing them with
explosive extrusomes (e.q. Didinium, Fig. 263).

Helical: of or like a helix. Like a spiral, but extending in the third dimension.

Helioflagellates: ﬂagellaté with stiff, radiating arms around the flagellum. Oftwo categories: pedinellid (e.q.
Actinomonas, Fig. 27)and dimorphid.
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Heliozoon: a type of protist with stiff, radiatingarms (e.g. Acanthocystisand Actinophrys, Figs 412 & 397). The heliozoan
body form has evolved on several occasions,

Heterocyst: a differentiated, thick-walled cell, found in the filaments of some blue-green algae.
Heterotrich: a type of polyhymenophoran ciliate (Step 116) that moves by means of individual cilia arranged in kineties.

Heterotrophic: refers to a mode of nutrition in which the consumer relies upon molecules created by other organisms
for energy and nutrients. Of two categories: osmotrophic (absorbing soluble organic matter) and phagotrophic
(ingesting particles of food).

Hymenostome: a type of oligohymenophoran ciliate with buccal ciliature comprised of three membranelles and an
undulating membrane (e.g. Colpidium, Fig. 338).

Hypostome: a type of ciliate with the mouth located ventrally. Used in reference to cyrtophorine cihates that use a
basket of nematodesmata to aid the ingestion of food (e.g. Pseudomicrothorax and Trithigmostoma, Figs 292 & 299).

Hypotrich: a type of polyhymenophoran cihate (Step 136) that moves using cirri.

Idiosome: a structure produced by the organism, as opposed to a xenosome or foreign body. Used to refer to the
elements that comprise (or adhere to) the tests of some amoebae.

Immersion oil: a special kind of oil used in microscopy, a drop of which 1s used between the coverslip and front face of
some objectives.

Immotile: not moving. %meﬁmesusedtorefertocensthatare fixed to the substrate,
Inclusions: structures located within cells, such as food vacuoles, granules, etc.

Ingesta: items that have been ingested by a protist, usually while they retain their integrity so that they may be
identified. :
Ingestion apparatus: the equipment used by cells to aid in the ingestion of food. Normally used in relation to rods of
microtubules lying near the cytestome (mouth), but may also include extrusomes and the cytopharynx.

Ingestion organelle: ingestion apparatus.

Ingestion rods: individual components ofthe ingestion apparatus, as in cyrtophorine (hypostome) ciliates (Fig: 298) and
some euglend flagellates (Peranema, Fig. 71),

Inorganic: not organic (carbohydrate, protein, etc.). Refersto, e.g. sand, mud, silica, etc.

Interference contrast: a type of imaging for light microscopy, in which areas of differing optical properties appear as
different colours (Fig. 354).

Intracellular: inside the cell

Iris: part of a microscope. A diaphragm that may be closed or opened at will. Usually there isone iris in the lamp
housing and one in the condenser.

Jump: a type of movement exhibited by some cells, characterized by sudden (instantaneous) changes in position (..
Haltena, Fig. 305).

Karyorelict: a type of ciliate in which the macronuclei are unable to divide (e.g. Loxodes, Fig. 280).

Kick: a type of movement exhibited by cells that sit in one position, but may jerk or flick part of the cell body (e.g. Bodo
saltans, Fig. 69),

Kéhler: a microscopist whose name is associated with a type of illumination that guarantees maximum brightness (but
low contrast), it involves centening all optical components on the optical axis of the microscope (the axisof the
objective), and positioning the condenser to focus the light onto the specimen.

Lamp housing: part of a microscope containing the lamp. Now built into the body of compound microscopes, it was
previously a free-standing structure (and still is for some dissecting microscopes). Older microscopes used mirrors to
direct the light into the microscope from independent lamps, candles, or the sun.

Large: a description of size, the exact meaning of which dependson the range encountered in the group of organisms
under consideration. Bodonids are relatively small organisms; thus a cell with one dimension measuring 20 um would
be thought large. In contrast, among the ciliates, a cell measurning 20 um would be regarded as small, and a ciliate

would need to be well over 100 um before being thought of as large. Usually, protists with one dumension that is 50-100
pmor more are referred to as large. :

Lens tissue: a special kind of tissue recommended for cleaning glass surfaces in microscopes and other optical
instruments. Available from opticians and chemists, as well as from laboratory suppliers. Each sheet should be used
once and then discarded.
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Lip:a shallow ledge or a long protrusion froma cell.
Lobose: a type of pseudopodium that is relatively broad (Fig. 139).
Longitudinal: refers to the axis of the cell from the front to the posterior of the cell

Lorica: an organic or inorganic casing or shell, incompletely surrounding an oxganisrﬁ Usually loose fitting. Sometimes
called atest.

Macronucleus: one of two types of nuclel found in ciliates. Typicaily, the larger of the two. It may be rounded, either like
along sausage or like a string of beads. It is involved in the production of proteins, but not in sexual reproduction.
Essennal for the day-to-day activities of the ciliate (cf Micronucleus).

Magnification: a measure of the enlargement of an image relative to an object. Normally, it is simpler and more
informative to refer to the real size of the object

Marginal row: relating to the cirn of hypotrichs (Figs 254 & 260), referring to the one or two rows nearest to the lateral

margin of the cell. May be continuous around the posterior end of the cell (one row), or broken at the posterior end (two
TOWS).

Mastax: part of the digestive system of rotifers (Fig. 15). A grinding structure lying just behind the mouth.

Mastigamoebae: a kind of flageliate with a single flagellum and a cell body that produces pseudopodia. Usually from
anoxic sites (e.g. Mastigamoeba, Fig. 85).

Matrix: relating to the structure or consistency of matenal,

Measuring eyepiece: a type of microscope eyepiece that includes an etched scale. After calibration againsta
micrometer slide, the eyepiece may be used to measure the size of microscopic objects.

Median: near the centre (asof cell, e.g. median nucleus).

Medium: the fluid environment in which protists live, or the solution of salts and other materials in which they are
cultured. Also used to describe a relative size of organism, dependent upon the group under consideration.
Medium-sized flagellates are 10-30 um, and medium-sized amoebae and ciliates are 40-100 um.

Medusoid: umbrella-shaped - like a jelly-fish.
Meiosis: a form of nuclear division usually associated with sexual activity.

Membranelle: a compound structure comprised of many cilia, and associated with the mouth of a ciliate. Either present
in groups of three (Oligohymenophora, Fig. 342) or asa band of many more (Polyhymenophora, Fig, 256).

Metaboly: change. Used either in reference to change in molecules (metabolism), or to change in cell shape, asin
eugleno‘nd motion.

Metal salts: soluble or insoluble chemical compounds that incorporate one or more metal ions, such asiron,
manganese, calcium or sodmm

Metazoa: animals (cf Pmtoooa).

Microaerophilic: preferring low levels of dissolved oxygen.

Micrometer slide: a glass slide with a scale (usually 1 mm) etched on its surface. Used to calibrate the field of view or the
scale in a measuring eyepiece, such that the size of objects viewed with a microscope can be measured.

Micrometre: a unit of length equivalent to one millionth of a metre. Abbreviated to um.

Micron: a micrometre. 4

Micronucleus: one of two kinds of nuclei found in ciliates, dividing to produce two similar nuclei during asexual
reproduction, and producing nuclei with half the complement of DNA for sexual activity. Usually the smaller of the two

types of nuclei, but many may be present. Some cells lack a micronucleus, surviving quite well without it (cf.
Macronucleus).

Microscope: in the context of this Guide, a device with glass or plastic lenses, the function of which is to produce a
magnified image of an object. Of two common types: compound and dissecting. Ina broader context, the above are

kinds of light microscope. However, microscopes producing images from sound, beams of electrons, etc. are also
available.

Microtubule: a subcellular structure comprised of the protein tubulin. Used for support, it is part of the cytoskeleton.
Individual microtubules cannot be seen by conventional light microscopy, but aggregates of microtubules can.

Mixotrophic: used in reference to organisms that use a mixture of nutnitional strategies, e.q. organisms that have
chloroplasts and carry out photosynthesis, but which are also able to feed by phagocytosis.

Mobiline: a type of peritrich ciliate without a stalk attaching it to the substrate (Fig. 373).
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Morphology: the shape and form of an organism or part of an organism.

Motile: moving, e.g. by swimming, gliding, crawling, jumping or kicking. Part of the body (e.g. cilia) may be motile ina
cell which is not motile and which is fixed in one position.

Mouth: part of the body involved in the acquisition and internalization of food. The mouth usually includes a cytostome,
but may also involve elements external (e.g. buccal cilia) or internal (e.g. ingestion rods, extrusomes, cytopharynx) to
the cytostome.

Mucilaginous: made of, or with the texture of, mucus.

Mucus: a jelly-like substance produced by organisms. Texture may vary from bemgvumallyﬂmdtosnﬁand
rubber-like.

Mycelia: the organization of the feeding stage of fungi, in which the cytoplasm is enclosed within a radiating system of
walled tubesor hyphae,

Naked: used in relation to cells that have no cell wall, lorica, or other coating.

Nasse: cylindrical ingestion apparatus of some ciliates. The wall is made up of rods of microtubules. Also referred to as
abasket.

Neck: a narrow, anterior part of the body, often with an ingestion apparatus at the anterior end. Also used to refertoa
narrow region of a lorica or test, leading to the opening(s).

Nematodesmata: stiff aggregates of many microtubules, found around the cytostome of some ciliates (e.q. Fig. 298) and
used during the ingestion of food. A type of ingestion rod.

Nematode: a type of metazoon. Typically smooth-bodied (Fig. 18).
Neuston: the environment of the interface between water and air. It is often rich in bacteria and protists.
Neustonic: associated with the neuston.

Nomarski: a Polish (later French) microscopist who gave his name to a type of contrast enhanoement (see Differential
interference contrast).

Nomenclature: the terminology of a science. A system of names for objects. In biology, nomenclature usually refersto
the rules governing the names of animals and plants, embodied in the International Codes of Zoological and Botanical
Nomenclature.
Non-motile: not moving. May be said of a whole cell which may yet have motile parts, or of organelles.
Nucleolus: an optically dense region (or regions) in a nucleus, associated with RNA synthesis. Not always visible.

Nucleus: an organelle found only in eukaryotic cells, in which most of the cellular DNA (genetic material) is located.
Most cells have a single nucleus, but certain species may have many.

Nudipodia: a type of unsupported pseudopodium without evident extrusomes (cf. Extrusopodia).

Nutrient: that which provides nutrition. The nutnients of heterotrophic organisms are primarily biogenically derived
macromolecules, whereas those of autotrophs are usually more simple compounds, such as dissolved phosphates and :
nitrates. ‘

Objective: a magnifying lens of a microscope. Most microscopes carry a selection of objectives. The objective is L
located near the object being viewed. I
Obligate: said of a state which an organism must adopt (cf. Facultative). .
Omhnreterstothelensofa&ncrmoope.intowhichonelookswhentrymgtoviewtheimageo(anob;ect Also called 4
aneyepiece.

Odontostome: a type of polyhymenophoran (spirotrich) ciliate that is distinguished by a flattened, sculpted body and

few somatic cilia (e.g. Epalxella, Fig. 312), .

Off-green: a colour used to describe some chloroplasts that lack chlorophyll b, but which usually have an olive or {
brownish hue.

Oligohymenophora: a type of ciliate with buccal ciliature comprised of an undulating membrane and three

membranelles, e.g. peritrichs (Step 118), Colpidium (Figs 337-339), etc.

Oligotrich: a kind of polyhymenophoran ciliate (Step 178) in which the adoral zone of membranelles s used not only in
the acquisition of food but also to propel the cell (e.q. Haltena, and tintinnids, Figs 305 & 370).

Oomyecete: a type of fungus. The mature organism takes the form of walled mycelia, but produces flageliated stages in
the hife cycle. Related to the chrysomonads.
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Opiﬂb:posterbrdaughteroehpmdwedbymversediMOno(acmate.
Organelle: a discrete structure found within eukaryotic cells. '
Organic: chemical compounds that have been produced by organisms. Said mostly of sugars and polysacchandes,

proteins, etc., it essentially refers to the hydrocarbons. Does not include the inert chemical compounds, such assilica,
produced by some organisms.

Osmotrophic: refers to a form of nutrition in which soluble compounds are taken up by the organism, either by
pinocytosis or by mechanisms capable of transporting one or a few molecules ata time (membrane pumps).

mmmdmreferencetosewagewoxlsmhavemreﬁmmmgsewageﬂnnﬂ\ephdeemnedbr(d

Underloaded). Overloaded systems are equivalent to polluted natural environments, and usually have a poor quality
effluent.

Oxidize: To add oxygen
Pmn:anmsocialionofoxganmmwhichonepannerbenemsnmedeuunemonheother.

Particles: small items (e.q. bacteria, protists, or inert matenal such as clay). May be in suspension in fluid, be associated
with detritus, or be used in the manufacture of loricae/tests. Referred toas ‘parncuiates’ by some people.

Pellicle: the outer region of cytoplasm of some protozoa. The term 1s applied only when the region can be distinguished
because it appears to be relatively stffand highly structured. The term ‘cortex’ may also be used. Used mostly in
reference to euglenids and ciliates.

Peniculine: a type of oligohymenophoran ciliate that is distinguished by the particular arrangement ofthe
membranelles (e.q. Paramecium, Fig. 345).

Pennate: refers to one of two types of diatom (Fig. 5). Without radial symmetry, and often able to move by ghding.
Periplast: the entire assemblage of scales, spines and spicules that encases some heliozoa, chrysomonads, etc.

mreqularconuacnonsofabodyorpanofabody. Used mostly in the context of the intestinal system of
vertebrates, but also refers to the squirming behaviour of some euglenids.

Peristome: the region of the body around, and external to, the mouth. Strictly, the region must be modified to favour the
acquisition of food.

Peritrich: a type of oligohymenophoran ciliate (Step 19) in which one membranelle and the undulating membrane are
greatly lengthened, spiralling around the oral end of the body (e.g. Vorticella, Fig. 233).

Petri dish: a low, flat, circular dish with vertical sides. Made of glass or plastic, it is used extensively for the culture of
MICTO-Organisms, and is similar in shape to many centric diatoms.

Phagocytose: to take food by phagocytosis, 1.e. toingestvzsiblepamclaoﬂoodbyencbsingmemwimamembraneto
form a food vacuole.

Phaoocoph:anorgamsmthatﬁeedsbyphagocytosts

Pharynx: a region of the ingestion apparatus that lies internal to the mouth of a metazoan organism, or internal to the
cytostome of a protist. Involved in the swallowing process (see Cytopharynx).

Phase contrast: a method of contrast enhancement used widely in hght microscopy. It is particularly useful in
protozoology. In this process, areas with differing refractive indices appear darker or highter than the background (Fig.
351).

Photomicrography: the process of taking photographs through a microscope.
Photosynthates: the products of photosynthesis.

: a means of acquiring energy for metabolism. Itinvolves trapping radiant energy in chloroplasts, the use
of that energy to break up water molecules (hydrolysis), and the conversion of released energy into an accessible form,
such as the molecule ATP. The only form of autotrophy in eukaryotic cells. Some heterotrophic protists have symbiotic
algae thatallow them to exploit photosynthesis.

Photosynthetic pigments: large molecules in chioroplasts. They absorb radiant energy, hence they have colour. Mostly
chlorophylisand carotenes (and, occasionally, phycobilins).

Phycobilin: a type of photosynthetic pigment, mostly found in blue-green algae, red algae and some cryptomonads.
Pigments: Molecules that appear coloured.

Wapmofmnqmlenalbyencmnwnhamembmne The resulting structure is usually too
smalltobesenwiththelightmicmsoope.andnsnmlymilableﬁormemgesﬁonomuidormucm
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so that they can be used for handling small volumes of liquid or individual cells. Dropping pipettes are available from '
chemists and pharmacists, and have a rounded tip for safety.

Planar: in one plane, e.qg. said of flagellar beating.
Plankton: organisms living in the water column (above the sediment).
Planktonic: from the plankton. If protists, they may either be swimming or floating.

Plant: multicellular eukaryote with the capacity for photosynthesis using chlorophyll b, and with cells surrounded by
cellulosic walls. As with the term ‘animal’, Pplant' is sometimes inappropriately applied to unicellular organisms. To state
that algae are unicellular plants is confusing; it would be more accurate to say that algae are unicellular organisms with
some specified characteristics (e.g. photosynthesis) that are also found n plants (or that plants are multicellular
organisms with some specified characteristics that are also found in algae).

Plasmodium: a type of amoebaoid organization involving a large mass of cytoplasm and: usually, many nuclei. A type of*
body form adopted by some slime moulds.

Plastid: another word for ‘chloroplast’. From it come the terms aplastidic’ and ‘plastidic’, meaning with and without
chloroplasts respectively. See notes after Step 5.

Platyhelminth: a flatworm.
Podite: a narrow extension from the posterior end of some cihates (e.g. Fig. 295), used for adhesion. Foot-like.

Polarizing microscopy: a type of microscopy matproducesbnghtunagesofobiectswithammbstmctme. The
process relies on the use of polarized light, hence the term.

Polyhymenophon:atypeofcnlme(&eps 136 & lSl)mwhichthebuccalmhanuemcludesmoremanthxee
membranelles. Also called a spirotrich.

Polysaccharide: a fairly large molecule comprised of many sugar molecules (chemically) joined together.
Polysaccharides are relatively inert and may be used by cells to form external walls, etc. Polysaccharides mclude
cellulose and starch. .

Pomiform: shaped like an apple (as of some helioflagellates). "
Posterior: that part of the body away from the direction of normal movement, or away from the mouth. The term back'
may also beusg but there isa possibility of confusion with ‘dorsal’.

Paraxial rod: a rod of matenal lying within the flagellum parallel to the axoneme. Itisonly found in some protists (e.q.
euglenids), and causes the flagellum to appear relatively thick (Fig. 71). .

Prokaryotic: refers to a type of organism, the cells of which are without nuclei or other membrane-bound organelles,
Le. bactena.

Prostome: a type of ciliate with the mouth located at the antenor end of the body. Usually ingests larger particlesof food
(e.g. Coleps, Step 376).

Proter: antenor daughter cell produced by transverse division of a ciliate.

Protostelid: a type of slime mould. Spor&cmnyproduoedbyasingleoenratherthanbyamassofcytoplasm.asx'sthe
case for most slime moulds.

Protozoa: those heterotrophicand (a few) autotrophic protists that have, by tradition, been studied by protozoologists
(see p. 9). Some people prefer the broader term ‘protist’, but ‘protozoa’ is still widely used to refer to flagellates, cihiates,
amoebae, and sporozoa without chloroplasts. : _

Proximal: near to (cf Distal).

supported internally (actinopods) or not (rhizopoda), they may be thread-like (filose) or broad (lobose), may or may not
bear extrusomes (extrusopodia and nudipodia respectively), and there may be one (monopodial) or many (polypodial)

Punctate: witha dimpled or spotted appearance.

Pusule: a system involving a sacand channels, found in some dinoflageliates. The function is not understood, but itmay
actas an osmoregulatory organelle. . -

Pyrenoid: a protein body lying inside some types of chloroplasts.

Rapln:aslitinmesihceomsheuofmostpennatedlatoma Motile diatoms always have a raphe: itappearstobe’
mvolvedmmesecretionofmucust}mpushesmecellam ;



Raptorial: refers to a type of feeding in which the consumer moves around in search of suitable nourishment (cf.
Diffusion and Suspension feeding).

Recurrent flagellum: a flagellum that curves posterniorly from its site of insertion, to trail along and/or behind the body.

Reduced: a chemical state of some environments, in which free oxygen is absent and if made available will be
chemically consumed by the molecules present. Typically, a site rich in sulphides (e.g. hydrogen sulphide) and
methane, usually black in colour and with a strong smell. Also applied to some parts of cells to indicate small size or
absence (reduced flagella are short).

Refractile: capable of refracting light, thereby acting like an irregular lens. Refractile granules may appear bright
when viewed with a microscope, but they may also be a source of chromatic aberration, appearing coloured when they
arenot.

Reservoir: a part of euglenid cells. A depression from which the flagella arise and into which the contractile vacuole
empties its contents. Also referred to as a flagellar pocket.

Rhizopoda: those amoebae that have pseudopodia with no stiffening axoneme (Step 72). Polyphyletic.
Ridge: Slightly ra‘ned. elongate region of a structure.

Rotiferatypeofmemn. also called a ‘wheel animal’ because of the two clusters of motile ciha around the mouth (Fig.
15).

Sapropelic: said of sites (or of organisms inhabiting such sites) that are very rich in organic matter and that (usually) lack
oxygen. Usually refersto sediments.

Scale: a measuring device (as ona micrometer slide), or a flat, plate-like structure produced by some protists.
Sculpting: used to refer to a body that has a fixed, irregular shape, e.g. grooved, ridged or spiny.

Scuticociliate: a type of oligohymenophoran ciliate (Step 168). Typically with a well-developed, undulating membrane
(e.g. Cyclidium, Fig. 332).

Secrete: to expel an artefact or matenal fabricated ina cell to the exterior, e.g. scales, spines, mucus. Compare with
Excrete, which refers to the extrusion of bodies originally produced elsewhere and temporarily ingested.

Sessile: refers to organisms that are fixed to the substrate, by e.g. astalk or lorica.

Sheath: a loose covering (usually of mucus). A more rigid or substantial covering would be referred to asa wall or lorica.
# siliceous: of, relating to, or incorporating silica

Sine wave: contiguous waves, €.g. ina beating flagellum, that are equally spaced and all of the same height (amplitude).

Size: see Small, Medium and Large.

Skip: a type of motion that is characteristic of some flagellates. The cell moves near the substrate, progressing quickly
for a short distance, slowing down as the flagellum touches the substrate, and then speeding up as the contact between
flagellum and substrate is lost. May transform into swimming or ghding.

Slime mould: a type of amoeboid organism that produces a walled stage (cyst or spores) at the end of an elevated stalk.
The life cycle may involve flagellated stages, or organisms resembling conventional amoebae.

Small: a relative size of organism; the absolute size depends on the group of organisms under consideration. A
flagellate of 5 um or less is considered to be small, but ciliates up to 20 pm would also be described assmall.

Solitary: organisms occurring individually, not in colonies.

Somatic: relating to the body surface, e.g. somatic ciliature (cf Buccal). Also used in the sense of non-reproductive
(structures or activities),

Spasmoneme: a contractile element in the stalk of some pentrich ciliates (Fig. 222).

Species: a taxonomic rank, representing a morphologically distinct type of organism. One definition states that
individuals within a species can interbreed with each other but not with individuals from another species. This
definition does not apply to many protozoa, which are not known to interbreed. Each species has two names, usually
written in italics (e.q. Elaster plaster), the first being the name of the genus, and the second being the name of the
species within the genus. The genus name has a capital initial letter, and the species name begins with a lower case
letter.

Spicules: delicate, pointed structures lying external to the body, and usually directed away from it. Like spines, but
invanably excreted and more delicate,

Spine: a pointed structure. Either partofa cell, ora structure secreted by a cell
Spine scales: plate-like, secreted structures with a spine-like protrusion. Usually siliceous.
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Spirotrich: a kind of ciliate (Steps 136, 161 & 178). Also called Polyhymenophora.

Shlk:atmnsttuctmear'ningfromthepostenorpanofacelloxlorica Used for permanent or temporary attachment to
the substrate. Either cytoplasmic or extracellular.

&nmhmnu:atennmedboselywrefeere&acﬁlemassesofpolysaccmndes, accumulated as storage products in
the cell.

Statocyst: a sensory organelle used for orientation. Typically includes a heavy weight which falls under the influence of
gravity, and the direction of fall is thus sensed. Found only in one group of protists, the karyorelict ciliates.

Stigma: (plural = stigmata) organelle used in photoreception by some photosynthetic flagellates. Also called an
eyespot.

Stomatocyst: a type of cyst with a siliceous wall and a single plugged opening, formed by some chrysomonads (Fig. 24).
Subapical: lying slightly away from the apex.

Subbing: a part of a culturing routine for organisms, in whicha portion of an established culture is inoculated into a fresh
medium.

wenheIMsohdphysnmlstmcnueoverwhichaﬂmdmedimnm or the matenal used as a basis for
metabolism.

Suctoria: a type of ciliate (Step 195), withciliaonlybeingbnuedx’nlheswarmersmga It feeds by means of projecting
arms (e.qg. Podophrya, Fig. 422).

Sulcus: a circumferential groove of some dinoflagellates. The groove camesa flagellum.

Sulphides: salts of sulphur in the reduced state, €.g. hydrogen sulphide or metal sulphides. Characteristic of reduced
environments where there is no free oxygen. Sulphides cause muds to become black, usually witha smell that many
non-protistologists regard as being ‘bad’, -

Sulphur bacteria: prokaryotes that gain energy by mediating the oxidation or reduction of sulphur compounds. Some
are capable of a kind of photosynthesis, and are greenor pink (purple) sulphur bacteria; others deposit elemental
sulphur in their bodies. Sulphur bacteria may be abundant in some sites. being visible to the naked eye asa purple
sheenon the silbstrate.

Suspended: said of unattached particles that float or swim in water.

Suspension feeding: feeding on suspended particles. The most usual strategy is filter-feeding, but not all suspension
feeders employ this method.

Swarmer: a stage in the life cycle of some protists. Its function is distributive, i.e. it moves away from the location of the
parent cell, potentially to colonize other sites. Occurs mostly as the motile stage of sessile organisms, such as pentrich
ciliates (Fig. 236) or suctorian ciliates (Fig. 424).

Swimming: a form of motion in which the organism propels itself through fluid, without requiring contact with a solid
substrate.

Symbiotic: living in association with another organism, normally to the mutual advantage of both, or to the advantage of
one - the other being unaffected. Where there is a notable discrepancy in size, the term ‘symbiont is used to refer to
the smaller member in the relationship, which may occur inside (endosymbiont) or on the outside surface
(ectosymbiont) of the larger ‘host member.

Synuracea: those chrysomonads (Step 123) witha periplast of siliceous scales, spicules, etc. (e.g. Mallomonas, Fig. 128).
Systematics: an area of biology degling with the classification, naming (nomenclature) and evolution of organisms.
Tardigrade: a type of very small metazoa that has an exoskeleton and eight stubby legs ending in claws.
Taxonomy: an area of biology dealing with the naming and classifying of organisms (roughly equivalent to systematics).
Test: a rigid shell around an organism, less close-fitting than a wall. Also called a lorica.

Testate: bearing a test

Theca: a layer enclosing a body. May refer to a closely adpressed rigid wall, or to a more loosely attached rigid lorica
or test, or even to a soft enclosing sheath of material,

Mastagemthelifecycleotsomqaeciesotcihates. in which the organism typically does not feed but moves
quickly. Maybethoughtofaanadapmuoninrwponsenoalackofiood. the task of which is to hunt out new sourcesof .
food.

Trichocyst: a type of extrusome which, when extruded, takes the form of a fine, stiff filament. Typicalof Paramecium, . -
but used inadvertently to refer to other types of extrusomes.



'l'mpl'dc:saidoforgamsmslhalareactweandfeedjng. Contmstswnththeencystedstate.ﬂmomsandswmrs May
abobeusedtoxeﬁa:tomoeeaspectsofmetabohsmasaodatedwithgrowth : ;

Trophont: the feeding stage of an organism. For heterotrophic protists, this stage comprises most of the life cycle.
Alternative stages are theronts (rare), swarmersand cysts.

Uneqml:sax’domageuaofdiﬁennglenmhononeorganm Alsoaidofﬂaqellawhichbealdiﬂerenﬂy.

Underloaded: used in reference to sewage treatment works that have lessmoominqsewagethanmeplantisdeaqned
for (cf Overloaded),

Vacuole: a cavity ina cell enclosed by amembrane, e.g. food vacuoles (associated with the digestion of food) and
contractile vacuoles (associated with the excretion of flmid). Small vacuoles may be called vesicles.

Water columu: the part of a lake or pond lying between the benthos and the water-air interface.

Whiplash: a type of flagellar motion found only in some euglenids, in which a tight loop progresses from the base of the
flagelium to the tip.

Xenosome: a foreign body. Used to refer both to bits of debris (which may be incorporated into the shellsof some
testate amoebae), and also to symbiotic algae lying inside other cells. Probablybestresuictedtomeﬁrstusage.

Zoochlorella: endosymbiotic greenalgae,
Zoogloea: a slime produced by bactena.



Bibliography

General protozoology texts, classificationand techriiciues

A catalogue of laboratory strains of free-living and parasitic protozoa. (1958). Journal of Protozoology, 8. 1-38.

de Puytorac, P., Grain, J. and Mignot, J.-P. (1987). Précis de Protistologie. Société Nouvelles des Editions Boubée, Paris.

Edmondson, W.T. (ed). (1958). Ward and Whipple's Fresh-water Biology. John Wiley & Sons Inc., New York.

Fenchel, T. (1987). Ecology of Protozoa. Science Tech. Publishers, Madison, Wisconsin: Springer Verlag, Berlin~

Finlay, B.J. and Ochsenbein-Gattlen, C. (1982). Ecology of free-living protozoa. Freshwater Biological Association,

Finlay, B].,, Rogerson, A. and Cowling, A.J. (1988). A Beginner's Guide to the Collection, Isolation, Cultivation, and
Identification of Freshwater Protozoa. Culture Collection of Algae and Protozoa, Cumbria.

Crassé, P.P. (1952). Traité de Zoologie: Tome |, Fascicule 1. Masson and Cie., Pans.

Crassé, P.P. (1953). Traité de Zooologie: Tome 1, Fascicule 1. Masson and Cie., Pans.

Crell, K. (1973). Protozooiogy. Springer Verlag, Heidelberg. .

Hausmann, K. and Patterson, D.J. (1983). Taschenatlasder Einzeller. Kosmos Verlag, Stuttgart. :

Hausmann, K., Mulisch, M. and Patterson, D.]. (1985). Protozoologie. Thieme Verlag, Stuttgart. N

Jahn, T.L,, Bovee, E.C. and Jahn, F'F. (1979). How to know the protozoa. (2nd edn.), Wm. C. Brown, Dubuque, lowa.

Kirby, H. (1980). Materials and methods in the study of protozoa. University of Califorma Press, Berkeley and Los
Angeles.

Kudo, R.R. (1966). Protozoology. (5th edn.) Charles C. Thomas Publishers, Springfield, lllinois. y :

Lee, ].J., Hutner, S.H and Bovee, E.C. (1985). An [llustrated Guide to the Protozoa. Society of Protozoologists, Lawrence,
Kansas.

L sk R b ST

Levine, N.D., Corliss, ].O,, Cox, F.E.G. etal (1980). A newly revised classification of the protozoa. Journalof
Protozoology, 2T, 31-58. e TN e e .
Margulis, L., Corliss, ].O., Melkonian, M. and Chapman, D.J. (1990). Handbook of Protoctista. jones and Bartlett, Boston.”

, .

Miiller, H. and Saake, E. (1979). Mikroorganismen himnischer-Okosysteme. Dortmund. 3 .
Page, F.C. (1981). The Culture and Use of Free-Living Protozoa in Teaching. Institute of Terrestrial Ecology, .«

Pennak, R.W. (1989). Fresh-water Invertebrates of the United States. (3rd edn.) John Wiley & Sons Inc., New York. -
Sims, R.W., Freeman, P. and Hawksworth, D.L. (1988). Key Works to the Flora and Fauna of the British Islesand
Northwestern Europe. (5thedn.) Oxford University Press, Oxford. . : e )
Sleigh, M. A. (1989). Protozoa and Other Protists. Amold, London. Ar :
Sleigh, M.A., Dodge, J.D. and Patterson, D.]. (1984). Kingdom Protista. lnASynoph’cCIﬁﬂmlﬁmoﬁdwth’m;g;’sm _
(ed.) RS K. Barnes Blackwell, Oxford, pp.25-88. A ) g
Streble, H and Krauter, D. (1976). Das Leben in Wassertropfen. Frankch'sche Verlag, Stuttgart. :

Specialist literature - e o0

Allen, R.D. (1973). Contractility and its control in peritnich ciliates. Journal of Protozoology, 20. 25-36.

Ammermann, D. and Schlegel, M. (1983). Characterization of two sibling species of the genus Stylonychia (Ciliata,
Hypotricha). S. mytilus Ehrenberg, 1838and S. Jemnae n sp.1 Morphology and reproductive behaviour. Journal of
Protozoology, 30: 290-294.

Amos, W.B. (1972). Structure and eoiling of the stalk of the peritrich ciliates Vorticella and Carchesium. Journal of Cell
Science, 10: 95-122.

Andersen, R A. (1988). The flagellar apparatus of the goiden alga Synura uvella; four absolute configurations.
Protoplasma, 128: 94-1086.

Andersen, R A. (1986). Some new observations on Saccochrysis piriformis Korsh. emend. Andersen (Chrysophyceae).
In Chrysophytes: Aspectsand Problems, (eds.) ]. Kristiansen and R A. Andersen. Cambridge University Press,
Cambrnidge, pp. 107-118.

Andersen, R A. (1989). The Synurophyceae and their relationship to other goldenalgae. Betheft zur Nova Hedwigia, 95:
1-26.

Andersen, R A. (1990). Three-dimensional structure of the flagellar apparatus of Chrysopshaerella brevispina
(Chrysophyceae) as viewed by high voltage electron microscopy stero pairs. Phycologia, 29: 86-97,

Anderson, O.R and Hoeffler, W K. (1879). Fine structure of a marine proteomyxid and cytochemical changesduring
encystment. fJournal of Ultrastructure Research, 66; 276-287.

Amold, Z M. (1972). Observations on the biology of the protozoan Gromia oviformis Dujardin. University of California
Publications in Zoology, 100: 1-168.



Amos, W.B. (1872). Structure and coiling of the stalk in the peritrich ciliates Vorticella and Carchesium. Journalof Cell
Science, 10. 95-122.

Balamuth, W., Bradbury, P.C. and Schuster, F.L. (1983). Ultrastructure of the amoeboflagellate Tetramitus rostratus.
Journal of Protozoology, 30: 445458,

Baldock, B.M., Rogerson, A. and Berger, J. (1983). A new species of freshwater amoeba: Amoeba algonquinensis n.
sp.(Gymnamoebia: Amoebidae). Transactions of the American Microscopical Society, 102: 113-121.

Barber, H.G. and Haworth, E'Y. (1981). A guide to the morphology of the diatom frustule. Freshwater Biological
Association, Ambleside, Cumbria.

Bardele, C F, (1968). Acineta tuberosa. | Der Feinbau des adulten Suktors. Archiv filr Protistenkunde, 110: 403-421.

Bardele, C.F. (1970). Budding and metamorphosis in Acineta tuberosa. An electron microscopic study on
morphogenesis in Suctoria. Journal of Protozoology, 17: 51-70.

Bardele, C.F. (1972). Cell cycle, morphogenesis, and ultrastructure in the pseudoheliozoan Clathrulina elegans.
Zeitschnift filr Zellforschung, 130 219-242.

Bardele, C.F. (1975). The fine structure of the centrohelidian heliozoan Heterophrys marina. Cell and Tissue Research,
161:85-102. '

Bardele, C.F. (1977). Organization and control of microtubule pattern in centrohelidian heliozoa. Journal of
Protozoology, 24: 9-14.

Bardele, C.F. (1983). Mapping of highly ordered membrane domains in the plasma membrane of the ciliate Cyclidium
glaucoma. Journal of Cell Science, 61: 1-30.

Bark, A.W. (1973). A study of the genus Cochliopodium Hertwig and Lesser 1874. Protistologica, 9. 119-138.

Batson, B.S. (1983). Tetrahymena dimorpha sp. nov. (Hymenostomatida: Tetrahymenidae), a new ciliate parasite of
Simuliidae (Diptera) with potential as a model for the study of ciliate morphogenesis. Philosophical Transactions of
the Royal Society of London, B, 301: 345-363.

Belcher, ] H and Swale, E M.F. (1972). The morphology and fine structure of the colouriess colonial flagellate
Anthophysa vegetans (O.F. Miiller) Stein. British Phycological Journal, T: 335-346.

Belcher, H and Swale, EM.F. (1976). A Beginner's Guide to Freshwater Algae. HM.S.0., London.

Belcher, H. and Swale, EM.F. (1979). An lllustrated Guide to River Phytoplankton. HM.S.0., London.

Bellinger, E.G. (1980). A key to common British Algae. Institute of Water Engineers and Scientists, London.

Berger, ]. and Thompson, J.C. (1960). A redescniption of Cyclidium glaucoma O.F. M., 1788 (Cihata: Hymenostomatida),
with particular attention to the buccal apparatus. Journal of Protozoology, T: 256-262.

Bernatzky, G., Foissner, W. and Schubert, G, (1981). Rasterelektronen mikroskopische und biometrische
Untersuchungen iiber die Variabilitit der Form, Struktur und Grésse des Gehsuses eimmger limnischer Tintinnina
(Protozoa, Cihophora). Zoologica Scripta, 10: 81-90.

Bick, H. (1972). Ciliated Protozoa. World Health Organization, Geneva.

Bloodgood, R A. (1981). Flagella-dependent gliding motility in Chlamydomonas. Protoplasma, 106: 183-192.

Bohatier, J. (1970). Structure et ultrastructure de Lacrymaria olor (O.F.M. 1788). Protistologica, 6: 331-342.

Bohatier, J. and Njiné, T. (1973). Observations ultrastructurales sur le cilié holotriche gymnostome Litonotus
quadrinucleatus Dragesco et Njiné, 1971, Protistologica, 9: 358-372.

Bonnet, L, Brabet, ]., Comoy, N. and Guitard, J. (1981a) Nouvelles données sur le thécamoebien filosia Amphitrema
flavum (Archer, 1877) Penard 1902. Protistologica, 18: 225-233.

Bonnet, L., Brabet, ]., Comoy, N. and Guitard, J. (1981b). Observations sur l'ultrastructure de Nebela marginata
(Rhizopoda, Testacea, Lobosia, Hyalospheniidae). Protistologica, 18: 235-241.

Borror, A.C. (1972). Revision of the order Hypotrichida (Ciliophora, Protozoa). Journalof Protozoclogy, 19: 1-23.

Borror, A.C. (1979). Redefinition of the Urostylidae (Ciliophora, Hypotrichida) on the basis of morphogenetic
characters. Journal of Protozooiogy, 26: 544-550.

Boucaud-Camou, E. (1966). Les choanoflagellés des citesde la Manche: L Systématique. Bulletin Société Linnéenne de
Normandie, Sene 10: 191-208.

Bourrelly, P. (1968). Les algues d'eau douce. Il Lesalgues jaunes et brunes Editions Nouvelles de Boubée et Cie, Parnis.

Bourrelly, P. (1978). Les algues d'eaudouce. I Les Algues Vertes. Editions Nouvelles de Boubée et Cie, Paris.

Bourrelly, P. (1985). Les algues d'eau douce. Ill. Les algues bleues et rouges. (2nd edn ) Editions Nouvelles de Boubée
etCie, Pans.

Bourrelly, P. and Couté, A. (1981). Ultrastructure de la cuticule de quelques eugleniens: I1. Phacus horridus Pochmann.
Protistclogica, 17: 359-363.

Bovee, E.C. (1985a). Class Lobosea Carpenter, 1861. In Illustrated Guide to the Protozoa, (eds.)].]. Lee, S.H. Hutner and
E.C. Bovee. Society of Protozoologists, Kansas, pp. 158-211.

Bovee, E.C. (1985b). Class Filosea Leidy, 1878, In Illustrated Guide to the Protozoa, (eds)].]. Lee, SH Hutnerand EC.
Bovee. Society of Protozoologists, Kansas, pp.228-245.

Bovee, E.C. (1985c). Order Athalamida Haecker, 1862. In lllustrated Guide to the Protozoa, (eds.) ].]. Lee, S.H. Hutner
and E.C Bovee. Society of Protozoologists, Kansas, pp.246-252

Broers, C.AM., Stumm, CK., Vogels, G.D. and Brugerolle, G. (1990). Psalteriomonas lanterna gen. nov., Sp.nov,, a
free-living amoeboflageliate isolated from freshwater anaerobic sediments. European Journal of Protistology, 28
369-380.




Brooker, B.E. (1971). Fine structure of Bodo saltans and Bodo caudatus (Zoomastigophora: Protozoa) and their affinites
with the Trypanosomatidae. Bulletin of the British Museum (Natural History) Zoology, 22. 89-102.

Brugerolle, G. (1985a). Ultrastructure d'Hedriocystis peliucida (Heliozoa Desmothoracida) et de sa forme migratrice
flagellée. Protistologica, 21: 259-265.

Brugerolle, G. (1985b). Des trichocystes chez les bodonides, un caractére phylogénétique supplémentaire entre
Kinetoplastida et Euglenida. Protistologica, 2]: 339-348.

Brugerolle, G. and Bricheux, G. (1984). Actin microfilaments are involved in scale formation of the chrysomonad cell
Synura. Protoplasma, 123: 203-212.

Brugerolle, G., Lom, J., Nohynkova, E and Joyon, L. (1879). Comparaison et évolution des structures cellulaires chez
plusiers espéces de Bodonidés et Cryptobiidés appartenant aux genres Bodo, Cryptobia et Trypanoplasma
(Kinetoplastida, Mastigophora). Protistologica, 18: 197-221.

Burzell, L. A. (1973). Observations on the proboscis-cytopharynx complex and flagella of Rhyncomonas metabolita
Pshenin, 1964 (Zoomastigophorea: Bodonidae). Journal of Protozoology, 20. 385-393.

Buetow, D.E. (1982). The Biology of Euglena: Volume 3. Academic Press, New York.

Bunz:t;x_rg M. (1926). Studies on the life-cycle of Tetramitus rostratus Perty. Journal of Morphology and Physiology, 42:

1

Bunting, M. and Wenrich, D.H. (1929). Binary fission in the amoeboid and flagellate phases of Tetramitus rostratus
(Protozoa). Journal of Morphology and Physiology, 47: 31-81.

Butcher, RW. (1967). An Introductory Account of the Smaller Algae of British Coastal Waters Part IV: Cryptophyceae.
Ministry of Agriculture, Fisheries and Food, Fishery Investigations Series IV. HM.S.O,, London.

Cachon, J. and Cachon, M. (1982). Actinopoda. In Synopsis and Classification of Living Organisms, (ed.) S.P. Parker.
McGraw-Hill, New York, pp.553-568.

Calaway, W.T. and Lackey, ]. B. (1962). Waste treatment protozoa-flageliata. Flonda Engineering senes, No. 3,

Cann, ].P. (1981). An ultrastructural study of Mayorella vinidis (Leidy) (Amoebida: Paramoebidae), a rhizopod
containing zoochlorellae. Archiv. £ Protistenk., 124: 353-360. ¢

Cann, ].P. (1884). The ultrastructure of Rhizamoeba flabellata (Goodey) comb. nov., and Leptomyxa reticulata Goodey
(Acarpomyxea: Leptomyxida). Archiv. { Protistenk., 128: 13-23.

Cann, J.P. and Page, F.C. (1979). Nucleosphaerium tuckeri gen. nov., sp. nov. -a new freshwater filose amoeba without
motile form in a new family Nucleariidae (Filosea: Aconchulinida) feeding by ingestion only. Archiv fiir
Protistenkunde, 122 226-240.

Cash, . and Hopkinson, . (1905, 1909); and Cash, ]., Wailes, G.H. and Hopknson, J. (1918, 1919, 1921). The British
Freshwater Rhizopoda and Heliozoa: Volumes 1-5. The Ray Society, London.

Chakraborty, S. and Old, K. (1986). Mycophagous soil amoebae: their biology and significance in the ecology of
soil-borne plant pathogens. Progress in Protistology, 1: 163-194.

Chakraborty, S. and Pussard, M. (1985). Ripidomyxa australiensis gen. nov., sp. nov. A mycophagous amoeba from
Australian soil. Protistologica, 21: 133-140. -

Christopher, M. and Patterson, D.J. (1983). Coleps hirtus, a ciliate illustrating facultative symbioses between protozoa
and algae. Annales de la Station Biologique de Besse-en-Chandesse, 17 278-296. .

Collin, B. (1912). Etude monographique sur les acinetiens Il Morphologie, Physiologie, Systématique. Archivesde
Zoologie expérimentale et générale, 81. 1-457.

Corbet, S.A. (1973). Anillustrated introduction to the testate rhizopods in Sphagnum, with special reference to the area
around Malham Tarn, Yorkshire. Field Studies, 3: 801-838. 3

Conliss, ].O. (1971). Establishment of a new family (Glaucomidae n. fam.) in the holotrich hymenostome ciliate suborder
Tetrahymenina, and description of a new genus (Epenardian.g.)anda new species (Glaucoma dragescui n. sp.)
contained therein. Transactions of the American Microscopical Society, 90: 344-362.

Corliss, 1.0. (1979). The Ciliated Protozoa. (2nd edn.) Pergamon, Oxford.

Corliss, ].O. and Daggett, P.M. (1983). ‘Paramecium aurelia’ and ‘Tetrahymena pyriformis’: current statusof the
taxonomy and nomenclature of these popularly known and widely used ciliates, Protistologica, 19: 307-322.

Corliss, J.O. and Esser, S.C. (1984). Comments on the role of the cyst in the life cycle and survival of free-living protozoa.
Transactions of the American Microscopical Society, 83: 578-593. _

Couté, A and llitis, A (1981). Ultrastructure stéréoscopique de la logette de Trachelomonas (Algae, Euglenophyta)
recoltés en Cote d'Ivoire. Revue Hydrobiologie Tropicale, 14: 115-133. '

Croome, R.L. (1986). Observations of the heliozoan genera Acanthocystis and Raphidocystis from Australia. Archiv fiir
Protistenkunde, 131: 189-188. :

Croome, R L. (1887a). Pinaciophora columnan. sp. and P. aporan. sp., new heliozoeans from Australia, and areportof
P. fluviatilis from Antarctica. Archiv filr Protistenkunde, 133, 15-20. .

Croome, R L. (1987b). Observations of the heliozoea genera Acanthocystis, Pompholyxophrys, Raphidiophrysand
Clathrulina from Australian freshwaters. Archiv filr Protistenkunde, 133: 237-243.

Curds, C.R (1970). An illustrated key to the British Freshwater Ciliated Protozoa commonly found in activated sludge.
HM.S.0., London.

Curds, C.R. (1975). A quide to the speciesof the genus Euplotes (Hypotrichida, Ciliatea). Bulletin of the British Museum
(Natural History) Zoology. 28. 1-61.



Curds, G:R. (1982). Britishand other freshwater ciliated protozoa. Part 1. Ciliophora: Kinetofragminophora. (Synopses
of the British Fauna, No. 22). Cambridge University Press, Cambndge. o . -

Curds, C.R. (1985a). A revision of the Suctoria (Ciliophora, Ki mophora) 1. Acinetaand its morphological
relatives. Bulletin of the British Museum (Natural History) Zoology, 48: 75-128.

Curds, C.R (1985b). A revision of the Suctona (Ciliophora, Kinetofragminophora) 2. An addendum to Acineta. Bulletin
of the British Museum (Natural History) Zoology, 49 163-165. '

Curds, C.R (1985¢). A revision of the Suctoria (Ciliophora, Kinetofragminophora) 3. Tokophrya and its morphological
relatives. Bulletin of the British Museum (Natural History) Zoology. 49: 167-193.

Curds, C R. (1986). A revision of the Suctoria (Ciliophora, Kinetofragminophora) 4. Podophrya and its morphological
relatives. Bulletin of the British Museum (Natural History) Zoology, 80: 55-91.

Curds. C.R, Gates, M.A. and Roberts, D.McL. (1983). British and other freshwater ciliated protozoa. Part Il Ciliophora:
Oligohymenophora and Polyhymenophora. (Synopses of the British Fauna. No. 23). Cambridge University Press,

Curds, C.R and Hawkes, HA. (1978). Ecological Aspectsof Used-water Treatment, Volume ] - The Organisms and
their Ecology. Academic Press, London.

Danielsz.sEfvge.(IQBL Ultrastructure. In The Biology of Amoeba, (ed.) K.W. Jeon. Academic Press, New York,
pp. 125-169.

Decloitre, L. (1976a). Le genre Euglypha. Archiv fiir Protistenkunde, 118: 18-33.

Decloitre, L. (1976b). Le genre Arcella Ehrenberg. Archiv fiir Protistenkunde, 118: 291-308.

Decloitre, L. (1977). Le genre Nebela. Archiv fiir Protistenkunde, 119: 325-352.

Decloitre, L. (1978). Le genre Centropyxis L Archiv filr Protistenkunde, 120 63-85

Decloitre, L. (1979). Misesa jourau31.12. 1978 des mises & jour au31.12. 1974 concernant les genres Arcella,
Centropyxis, Cyclopyxis, Euglypha et Nebela Archiv filr Protistenkunde, 122: 387-397.

Decloitre, L. (1881). Le genre Trinema Dujardin, 1841. Archiv filr Protistenkunde, 124: 193-218.

Decloitre, L. (1982). Complémentsa\upubhcatsompréoédemesmiseajo\naual. 12.1881 des genres Arcells,
Centropyxis, Cyclopyxis, Euglypha, Nebela and Tri Archiv filr Protistenkunde, 126: 383-407.

de Jonckheere, ].F. (1983). Isoenzyme and total protein analysis by agarose isoelectric focusing, and taxonomy of the

Loxophyllum meleagns Duj., 1841. Protistologica, 11: 379-390.

de Puytorac, P. and Rodrigues de Santa Rosa, M. (1976). A propos de l'ultrastructure corticale ducilié hypotriche

ia mytilus Ehrbg., 1838; les caracteristiques du cortex buccal adoral et paroral des Polyhymenophora
i. 1967. Transactions of the American Microscopical Society, 98; 327-34S.

de Saedeleer, H. (1927). Notes de Protistologie 1. - Craspédomonadines: Matériel systématique. Annalesde la Société
Royale de Zoologie de Belgique, 58: 117-147.

Deroux, G. (1970). La séne ‘Chlamydonellienne' chezles Chlamydodontidae (Holotriches, Cyrtophorina
Fauré-Fremiet). Protistologica, 6. 155-182. ‘ : Fu

Deroux, G. (1974). Quelques précisions sur Strobilidium gyrans Schewiakofl. Cahiers de Biologie Marine, 18: 571-588.

Deroux, G. (1976a). Le plan cortical des Cyrtophorida. Unité d’expressionemxarqesdevanabmté. lL.-Lecasdes
Plesiotrichopidae, fam. nov,, dans la nouvelle systématique. Protistologica, 12: 469-481.

Deroux, G. (1976b). Le plan cortical des Cyrtophorida. Unité d'expression et marges de vanabilité. IL - Cyrtophonda a
thigmotactisme ventral genéralisé. Protistologica, 12: 483-800.

Deroux, G. (1976¢). Plan cortical des Cyrtophorida I1L - Les structures différenciatnces chez les Dysterina.
Protistologica, 12: 505-838.

Didier, P. (1970). Contribution a I'étude comparée des ultrastructures corticales et buccales des Ciliés Hyménostomes
Péniculiens. Annales de la Station Biologie de Besse-en-Chandesse, 8. 1-274.

Didier, P. and Detcheva, R. (1974). Observations sur le cilié Cohnilembus verminus (O.F. Miller, 1786): morphogenese
de bipartition et ultrastructure. Protistologica, 10: 188-174.

D?zixgl;aggwnben. N. (1981). Sur un Cyclidium glaucoma de la régionde Bonn(RF.A). Archiv fiir Protistenkunde,

; 961

Dobell, C. (1913). Observationson the life-history of Cienkowski's ‘Arachnula’. Archiv filr Protistenkunde, 31. 3 17-353.

Dobell, C. (1960). Antony van Leeuwenhoek and his Little Animals’. Dover, New York.

Dodge, ].D. (1985). Atlas of Dinoflagellates. Farrand Press, London.

Dragesco, J. (1863). Révision du genre Dileptus, Dujardin, 1871 (Ciliata, Holotricha). Bulletin de Biologie de la France et
Belgique, 97. 103-145. _

Dragesco, J. (1968). Les genres Pleuronema Dujardin, Schizocalyptra gen. nov. et Histiobalantium Stokes (Ciliés,
Holotriches, Hyménostomes). Protistologica. 4. 85-106.

210



Dunlap, ].R., Waine, P.L. and Bentley, J. (1683). Microarchitectureand elemental spatial segregation of envelopesof
Trachelomonas lefevrei (Euglenophyceae). Protoplasma, 117 97-106. : &

Durr.G(lm).ﬂeh!memnihostomscthntemm' I amPanzervonDinonagallatenII.Pen'dminmdncnm
Archiv fir Protistenkunde, 122 88-120. - % 3 5 : QP TeTv e, .

Diirrschmidt, M. (1984). Studieson scale-bearing phyceae from the Giessen area, Federal Republic of
Germany. Nord:'c]oumalo!Bomnz 4 123-143 o a

Ditrrschmidt, M. (1985). Eletcron microscopic observations on scales of Species of thé genus Acanthocystis
(Centrohelidia, Heliozoa) from Chile, I Atah:vmrhoa'stenkwrde, 129: 55-87. 2 =¥

Dykstra, M.]. and Porter, Du( 1884). Diplophrys marina, a new scale-forming marine protist with labyrinthulid affinities.
Mycologia, 76: 626-632. : _

Edmonason, W.T. (ed.) (1959). Fresh-water Biology. Wiley, New York. : v

Eikelboom, D.H. and Buijsen, H].]. van. (1983). Maosoop:bﬁ'udgelnvesu'gaubn Manual (2rnd edn.) TNA Ressarch
Institute for Environmental Hygiene, Delft, The Netherlands Y SRyt

Eperon, S. (1980). Surla stohatogenése etlesrelations phylogénétiques du cilié pénitriche Thuricolz folliculata (O.F.
Miller, 1786). Protistologica, 16: 549-564.
Ertl, M. (1881). Zur TaxonomiederGattmngremmom Kent, Atcluv!ﬂerttstenkzmde, 124 299—%6

remarques générales. Protistologica, 22 65-87

Foissner, W. (1977). Revision der Genera Astylozoon (Engelmann)und Hastatells (Erlanger) (Ciliata Natantina)
Protistologica, 13 353-379.

Foissner, W, (197%a). Peritriche Ciliaten (Protozoa: Ciliophora) aus alpinen Kleingewassern Zoologische Jakrbéicher
(Systematik), 106 529-588. ‘

aus alpinen Boden. Protistolgica, 17: 28-43. ) :
Foissner, W. (1982). Okologie und Taxonomie der Hypotrichida (Protozoa: Ciliophora) einiger Osterreichischer

Béden). Archiv filr Protistenkunde, 126: 19-143 ' . ;
Foissner, W. (1883). Taxonomischen Studien iber die Ciliaten des Crossglocknergebietes (Hohe Tavem, Osterreich).

Foissner, W. (1984a). Morphologie und Infraciliatur von Ophrydium eutrophicum Foissner (1873)und Ophrydium
versatile (O.F. Miiller, 1786) (Cihophora, Peritrichida). Berichte Nanzzwz'ssemchanb'ch-Medizmmen Vereins
1 43-54. E

211



Foissner, W. (1988). Taxonomie und Okologie eimiger Cihaten (Protozoa, Ciliophora) des Saprobiensystems. Il. Familie
Chilodonellidae. Hydmb:ologza. 162: 21-45.

Foissner, W. (1988). Taxonomic and nomenclatural revision of Slddacek's hist of ciliates (Protozoa: Ciliophora) as
indicators of water quality. Hydrobiologia, 166: 1-54.

Foissner, W. and Adam, H. (1883). Morphologie und Morphogenese des Bodenciliaten Oxytricha granulifera sp. n.
(Ciliophora, Oxytrichidae). Zoologica Scripta, 12: 1-11.

Foissner, W., Blatterer, H. and Foissner, 1. (1988). The Hemimastigophora (Hemimastix amphikineta nov. gen., nov.
spec.), a new protistan phylum from Gondwanian soils. European Journal of Protistology, 23: 361-383.

Foissner, W. and Foissner, 1. (1988). Catalogus Faunae Austnae, Teil lc: Stamm Ciliophora. Verlag der
Osterreichischen Akademie der Ewissenschaften, Vienna.

Foissner, W. and Rieder, N. (1983). Licht- und Raster-elektronenmikroskopische Untersuchungen tiber die
Infraciliatur von Loxodes striatus (Engelmann, 1862) und Loxodes magnus (Stokes, 1887) (Protozoa: Ciliophora).
Zoologischer Anzeiger, 210: 3-13.

Foissner, W. and Schiffman, H. (1974). Vergleichende Studien an Argyrophilen Strukturen von vierzehn pentrichen
Ciliaten. Protistologica, 10: 483-508.

Foissner, W. and Schiffman, H. (1980). Taxonomie und Phylogenie der Gattung Colpidium (Ciliophora,
mymemdae) und Neubeschniebung von Colpidium truncatum (Stokes, 1885). Naturkunde Jahrbuch Stadt Linz,

Foissner, W., Skogstad, A. and Pratt, ].R. (1988). Morphology and infracihature of Trochiliopsis australis N. Sp.,
Pelagohaltena viridis (Fromentel, 1876) N. g., N. Comb., and Strobilidium lacustris N. Sp. (Protozoa, Ciliophora),
Journal of Protozoology, 35: 489-497.

Foissner, W. and Wilbert, N. (1979). Morphologie, Infraciliatur und Okologie der limnischen Tintinnina: Tintinnidium
fluviatile Stein, Tintinnidium pusilium Entz, Tintinnopsis cylindrata Daday und Codonella cratera (Leidy) (Ciliophora,
Polyhymenophora). Journal of Protozoology, 26. 90-103,

Foissner, W. and Wilbert, N. (1981). A comparative study of the infraciliature and silverline system of the fresh-water
scuticociliates Pseudocohnilembus putrinus (Kahl, 1928) nov. comb., P. pusilius (Quennerstedt, 1869) nov. comb.,,
and the marine form P. mannus (Thompson, 1966). Journal of Protozoology, 28: 291-291.

Fryd-Versavel, G, Iftode, F. and Dragesco, J. (1975). Contribution a la connaissance de quelques ciliés gymnostomes 11
Prostomiens, Pleurostomiens: Morphologie, Stomatogenése. Protistologica, 11: 509-530.

Gaffal, K.P. and Schneider, J. (1980). Morphogenesis of the plastidome and the flagellar apparatus during the vegetative
life cycle of the colourless flagellate Polytoma papillatum. Cytobios, 21, 43-61.

Gates, M.A. (1978). Morphometric vanation in the hypotnich genus Euplotes. Journal of Protozoology, 25 338-350.

Ciese, A.C.(1973). Blepharisma. The biology of a light-sensitive Protozoan. Stanford University Press, Stanford,
California.

Gocnt, H and Netzel, H (1974). Raster-elektronen-mikroskopische Untersuchungen am Panzer von Pendinium
(Dinoflagellata). Archiv filr Protistenkunde, 116: 381-410.

Gortz, H.-D. (1988). Paramecium. Springer Verlag, Berlin,

Grain, J. (1972). Etude ultrastructurale d'Halteria grandineila O.F.M., (Cilié Oligotriche) et considérations
phylogénétiques. Protistologica, 8: 179-197.

Grain, ]. and Galinska, K. (1968). Structure et ultrastructure de Dileptus cygnus Clapare de et Lachmann, 1859, cilié
holotriche gymnostome. Protistologica, §: 269-291.

Grassé, P.P. (1952). Traité de Zoologie: Tome |, Fascicule 1. Masson and Cie., Pans.

Crassé, P.P. (1953). Traité de Zoclogie: Tome 1, Fascicule I1. Masson and Cie,, Paris.

Green, J.C,, Leadbeater, B.S.C, and Diver, W.L. (1989). Chromophyte Algae: Problems and Perspectives. Clarendon
Press, Oxiord.

GCroliere, C.A. and Detcheva, R. (1974). Description et stomatogenése de Pleuronema puytoraci n. sp. (Ciliata,
Holotricha). Protistologica, 10: 91-99.

Crospietsch, T. (1972). Wechsel-tierchen (Rhizopoden). Franck'sche Verlag, Stuttgart.

Guhl, W. (1979). Beitrag zur Systematik, Biologie und Morphologie der Epstylidae (Cilia, Pentricha). Archiv filr
Protistenkunde, 121: 417-483.

Hanel, K. (1979). Systematik und Okologie der farblosen Flagellaten des Abwassers, Archiv f Protistenk., 121: 73-131.

Harris, E.H. (1988), The Chlamydomonas Sourcebook. Academic Press, San Diego, California.

Hamson, F.W., Dunkelberger, D., Watabe and Stump, A B, (1976). The cytology of the testaceous rhizopod
Lesquereusia spiralis (Ehrenberg) Penard. Journal of Morphology, 180: 343-358.

Hartley, W.G. (1979). Hartley’s Microscopy. Senecio Publishing Co., Oxford.

Hausmann, K. (1977). Baktenen und Virusidhnliche Partikel im Cytoplasma des Rhizopoden Vampyrella latentia.
Annales de la Station Biologique de Besse-en-Chandesse, 11: 102-108.

Hausmann, K. and Peck, R.K. (1978). Microtubules and microfilaments as major components of a phagocytic apparatus:
the cytopharyngeal basket of the ciliate Pseudomicrothorax dubius. Differentiation, 11: 157-167.

Hedley, R.H and Wakefield, J. St.]. (1969). Fine structure of Gromia oviforrmis (Rhizopodea: Protozoa). Bulletin of the
Bnitish Museum (Natural History) Zoology, 18. 69-89.

Hedley, R H and Ogden, C.G. (1973). Biology and fine structure of Euglypha rotunda (Testacea: Protozoa). Bulletin of
the British Museum (Natural History) Zoology, 25. 121-137.



Hedley, R H. and Ogden, C.G. (1974). Observations on Trinema lineare Penard (Testacea: Protozoa). Bulietin 5{the
British Museum (Natural History) Zoology, 26: 187-198,

Henk.W.GandPatﬂin].j.(lS??lScanningelectxonnucroscop of budding and metamorphosis in Di: collini

(Root). Journal of Protozoology, 24: 134-139. il 4 o

Helx:.:. W. (1979). Behaviour of the chrysoflagellate alga, Dinobryon divergens, during lorica formation. Protoplasma,

Hibberd, D.]. (1970). Observations on the cytology and ultrastructure of Ochromonas tuberculatus sp. nov.

l-ﬁl(oberd. 5?(1971))'&1 ti;) \cikithy ”5'3‘; <dulb° Bmfhauysamoebamm ' % lg-Chlysopln hyceae

J. ; rvations on the cyto and ultrastructure o radians Klebs !
British Phycological Journal, 6: 207-223. : :

Hibberd, D.J. (1875). Observations on the ultrastructure of the choanoflagellate Codosiga botrytis (Ehr.) Saville-Kent,
with special reference to the flagellar apparatus. Journal of Cell Science, 17: 191-218.

Hibberd, D.J. (1976a). The ultrastructure and taxonomy of the Chrysophyceae and Prymnesiophyceae
(Haptophyceae): a survey with some new observations on the ultrastructure of the Chrysophyceae. Botanical Journal
ofthe Linnaean Society, 72; 55-80.

Hibberd, D.]. (1976b). Observations on the ultrastructure of three new species of Cyathobodo Petersen and Hansen (&
ﬁfgz:zce:lmuwamand C simplex) and on the external morphology of Pseudodendromonas vikii Protistologica,

Spongomonas uvella Stein, with special reference to the flagellar apparatus. Journalof. Protozoology, 23: 374-385.

Hibberd, D.]. (1883). Ultrastructure of the colonial colourless zooflagellates Phalansterium digitatum Stein
(Phalansteriida ord. nov.) and Spengomonas uvella Stein (Spongomonadida ord. nov.). Protistologica, 19: 523-535.

Hibberd, D.]. (1988). Observations on the ultrastructure of new species of Pseudodendromonas Bourrelly (P,
operculiferaand P. insignis) and Cyathobodo Petersen and Hansen (C peltatusand C. gemmatus),
(Pseudodendromonadida ord. nov. ). Archiv fiir Protistenkunde, 129: 3-11.

Hibberd, D J. and Leedale, G.F. (1988). Chrysomonadida. In lllustrated Guide to the Protozoa, (eds.)].]. Lee, SH.
Hutner and E.C. Bovee, Society of Protozoologists, Lawrence, Kansas, pp.54-70.

Hilenski, L. L. and Walne, P.L. (1885). Ultrastructure of the flagella of the colorless phagotroph Peranema tnchophorum
(Euglenophyceae). I1. Flagellar roots. Journal of Phycology, 21: 125-134.

Hill, B.F. and Reilly, J.A. (1976). A comparative study of three fresh-water Euplotes species (Ciliophora, Hypotrichida).
Transactions of the American Microscopical Society, 95: 4 . _

Hilhard, D.K (1971). Notes on the occurrence and taxonomy of some planktonic chrysophytes in an Alaskan Lake, with
comments on the genus Bicoeca. Archiv fiir Protistenkunde, 113: 88-122. :

Hitchen, E.T. (1974). The fine structure of the colonial kinetoplastid flagellate - Cephalothamnium cyclopum Stein.
Journal of Protozoology, 21: 221-231. ;

Hofmann, A H. and Bardele, C.F. (1987). Stomatogenesisin cyrtophorid ciliates. 1. Trithigmostoma steini (Blochmann,
1898): from somatic kineties to oral kineties. European Journal of Protistology, 23: 2-17. -

Hollande, A. (1942). Contribution & I'étude morphologique et cytologique des genres Biomyxa et Cercobodo.
Description de deux espéces coprophiles nouvelles. Archives de Zoologie Expérimentale et Générale, 82(1): 19-128.

Hollowday, E.D. (1975). Some notes on an uncommon colonial pentrichous protozoon, Ophrydium versatile (O.F. M.).
Microscopy, 32; 503-511.

Holt, ].G. (ed.) (1984-1989). Bergey's Manual of Systernatic Bacteriology. (4 volumes) Williams and Wilkins, Baltimore,

land.

Mary

Huang, B. and Pitelka, D.R. (1973). The contractile process in the ciliate Stentor coeruleus 1. The role of microtubules
and filaments. Journal of Cell Biology, 5T: 704-728.

Huber-Pestalozzi, G. (1955). Euglenophyceen. In Die Binnengewasser. Part 4, (ed.) A. Thienemann.”
Schweizerbart'sche Verlag, Stuttgart.

Hulsmann, N. (1982). Vampyrella lateritia (Rhizopoda) ingestion von Spirogyra - protoplasten. Publikationen zu
Wissenschaftlichen Filmen, Biologie Sektion, 18: 1-14.

Huttenlauch, I. and Bardele, C.F. (1987). Light and electron microscopical observations on the stomatogenesis of the
ciliate Coleps amphacanthus Ehrenberg, 1833. fJournal of Protozoology, 34; 183192,

Iftode, F, Fryd-Versavel, G. and Lynn, D H. (1984). New details of the oral structures of Colpidium and Turaniella and
transfer of the genus Colpidium to the Turaniellidae (Didier, 1971) (Tetrahymenina, Hymenostomatida). Journal of
Protozoology, 20. 463-474.

Jankowski, A W. (1964). Morphology and evolution of Ciliophora. Il Diagnoses and phylogenesis of 53
sapropelebionts, mainly of the order Heterotrichida. Archiv fiir Protistenkunde, 107; 185-294. '

Jankowski, A W. (1967). The boundaries and composition of the genera Tetrahymena and Colpidium. Zoologischkei
Zhurnal, 46: 17-23.

P 213



Jankowski, A-W. (1968). Morphology and systematic status of the genus Cinetochilum (Ciliata, Hymenostomatida).
Zoologischkei Zhurnal, 4T. 187-194.

Jeon, K.W. (ed.) (1873). The Biology of Amoeba. Academic Press, New York

Jepps, M.W. (1834). On Kibisidytes marinus n.gen., n.sp., and some other rhizopod protozoa found on surface films.
Quarterly Journal of Microscopical Science, TT. 121-127.

John, D.T. (1982). Primary amebic meningoencephalitis and the biclogy of Naegleria fowlern. Annual Reviews of
Microbiology, 36: 101-123.

Jones, A.R. (1974). The Ciliates. Hutchinson, London.

Joyon, L. (1968). Compléments a la connaissance ultrastructurale des genres Haematococcus pluvialis Flotow et
Stephanoeca pluvialis Cohn. Anniales de la Faculté des Sciences, Clermont-Ferrand, 26: 57-69.

Kaczanowska, J. (1981). Polymorphism and specificity of positioning of contractile vacuole pores in a ciliate,
Chilodonella steini. Journal of Embryology and Experimental Morphology, 68: S7-T1.

l(a\l;l.A.(lQSO—lSGS) Wimpertiere oder Ciliata. In Die Tierwelt Deutschlands, (ed.) F. Dahl. Parts 18, 21, 25 & 30. Fischer

erlag, Jena.

Kaneda, M. (1960). Phase contrast microscopy of cytoplasmic organelles in the gymnostome ciliate Chlamydodon
pedarius. Journal of Protozoology, T. 306-313.

Kirk, D.L., Birchem, R. and King, N. (1986). The extracellular matrix of Volvox: a comparative study and proposed
system of nomenclature. Journal of Cell Science, 80: 207-231.

Kivic, P.A and Walne, P.L. (1984). An evaluation of the possible phylogenetic relationship between the Euglenophyta
and Kinetoplastida. Origins of Life, 13. 269-288.

Koonce, M.P. and Schliwa, M. (1988). Bidirectional organelle transport can occur in cell processes that contain single
microtubules. Journal of Cell Biology, 100: 322-326.

Krnistianse “43. %4(81975). On the occurrence of the species of Synura Verhandlungen Internationalen Vereins Limnologie,
211 1

K.tistia;':sen ]. and Andersen, R.A. (1986). Chrysophytes: Aspects and Problems Cambridge University Press, New
Yor

Kuhlmann, S., Patterson, D.J. and Hausmann, K. (1980). Untersuchungen zu Nahrungserwerb und Nahrungsaufnahme
bei Homalozoon vermiculare Stokes, 1887. 1. Nahrungserwerb und Feinstruktur der Oralregion. Protistologica, 16:

Kiihn, A. (1921). Morphologie der Tiere in Bildern. | Heft. Protozoen; 1. Teil: Flagellaten. Borntraeger, Berlin.

Kithn, A. (1926). Morphologie der Tiere in Bildern. 2 Heft. Protozoen; 2. Teil: Rhizopoden. Borntraeger, Berlin.

Lang, N.J. (1963). Electron-microscopic demonstration of plastids in Polytoma. Journal of Protozoology, 10: 333-339,

Larsen, H.F, and Nilsson, ].R. (1983). Is Blepharisma hyalinum truly unpigmented? journal of Protozoology, 30: 90-97.

Larsen, . (1985a). Ultrastructure and taxonomy of Actinomonas pusilla, a heterotrophic member ofthe Pedinellales
(Chrysophyceae). British Phycological Journal, 20: 341-385.

Larsen, J. (1985b). Algal Studies of the Danish Wadden Sea. Il. A taxonomic study of psammobious dinoflagellates.
Opera Botanica, 19 14-31.

Larsen, . (1987). Algal studies of the Danish Wadden Sea. V. A taxonomic study of the benthic-interstitial euglenoid
flagellates. Nordic Journal of Botany, T. 588-607.

Larsen, . and Patterson, D.J. (1990). Some flagellates (Protista) from tropical marine sediments. Journal of Natural
History, 24: 801-937,

Laval, M. (1971). Ultrastructure et mode de nutrition du choanoflagellé Salpingoeca pelagica sp. nov. comparaison avec
les choanocytes des spongiares. Protistologica, T: 325-336.

Leadbeater, B.S.C. (1983). Distributionand chemistry of microfilaments in choanoflagellates, with special reference to
the collar and other tentacle systems. Protistologica, 19: 157-166.

Leadbeater, B.S.C. and Manton, L. (1974). Preliminary observations on the chemistry and biology of the lorica of a
collared flagellate (Stephanoeca diplocostata Ellis). Journal of the Marine Biological Association, U K., 54: 269-276.

Leadbeater, B.S.C. and Morton, C. (1974). A microscopical study of a marine species of Codosiga James-Clark
(sac;nanoﬂ&qellata) with special reference to the ingestion of bacternia. Biological Journal of the Linnaean Society, 6:

-347.

Leedale, G.F. (1985). Euglenids Biitschli, 1884. In Illustrated Guide to the Protozoa, (eds.) J.J. Lee, SH. Hutmnerand EC.
Bovee. Society of Protozoologists, Lawrence, Kansas, pp. 41-54. -

Leidy, ]. (1879). Fresh-water Rhizopods of North America. United States Geological Survey of the Terntornes,
Government Printing Office, Washington.

Lemmermann, E. (1914). Pantostomatinae, Promastiginae, Distomatinae. In Die Stisswasser-Flora Deutschlands,
Osterreichs und der Schweiz, (ed.) A. Pascher. L Fischer Verlag, Jena.

Lemmermann, E. (1914). Pantostoratinae, Protomastiginae, Distomatinae, Heft 1: Flagellate 1. In Die Sitsswasser-Flora
Deutschiands, (ed.) A. Pascher. Osterreichs und der Schweiz. Fischer Verlag, Jena.

Lindholm, T, (1988). Mesodinium rubrum - a unique photosynthetic ciliate Advances in Aquatic Microbiology, 3: 1-48.

Lynn, D.H. (1976a). Comparative ultrastructure and systematics of the Colpodida (Ciliophora): Structural differentiation
in the cortex of Colpoda simulans. Transactionsof the American Microscopical Society, 98: 581-898.

Lynn, D.H. (1976b). Comparative ultrastructure and systematicsof the Colpodida. An ultrastructural description of
Colpoda maupasi Enriquez, 1908. Canadian Journal of Zoology. 54: 405-420.

214



Lynn, D.H. (1978). Size increase and form allometry during evolution of ciliate species in the genera Colpoda and Tillina
(Ciliophora: Colpodida). BioSystems, 10: 201-211.

Lynn, D.H. (1380). The somatic cortical ultrastructure of Bursaria truncatella (Ciliophora, Colpodida), Transactions of

Lynn, D.H. (1881), The organization and evolution of microtubular organelles in ciliated protozoa. Biological Reviews of
the Cambridge Philosophical Society, 56: 243-292.

Lynn, D.H. (1985). Cortical ultrastructure of Coleps bicuspis Noland, 1925, and the phylogeny of the class Prostomea.
BioSystems, 18: 387-397.

Lynn, D.H and Didier, P. (1978), Caracténstiques ultrastructurales du cortex somatique et buccal du cilié Colpidium
campylum (Oligohymenophora, Tetrahymenina) quant 4 la position systématique-de Turaniella. Canadian Journal of
Zoology, 6. 2336-2343.

Lynn, D.H. and Malcolm, ].R. (1983). A multivanate study of morphometric variation in species of the ciliate genus
Colpoda (Ciliophora: Colpodida). Canadian Journal of Zoology, 61; 307-316.

Machemer, H. and Deitmer, J. (1987). From structure to behaviour: Stylonychia as a model system for cellular
physiology. Progress in Protistology, 2: 213-330. ‘

M?goni. P. (1881). I Protozoi Ciliati Degli Impianti Biologici di Depurazione, Consiglio Nazionale delle Recherche,

me.

Maeda, M. and Carey, P.G. (1985). An illustrated guide to the species of the family Strombidiidae (Ohgotrichida,
Ciliophora), free swimming Protozoa common in the aquatic environment. Bulletin of the Ocean Research Institute,
University of Tokyo, 19: 1-68. :

Margulis, L. and Schwartz, K.V. (1982). Five Kingdoms: An lllustrated Guide to the Phyla of Life on Earth. Freeman, San

McLaughlin, R.B. (1978). Accessories for the ight microscope. Microscope Publications Ltd., London.

Martinez, A ]. (1985). Free-living Amebas: Natural History, Prevention, Diagnosis, Pathology, and Treatment of
Disease. CRC Press, Flonda.

Maruyama, T. (1982). Fine structure of the longitudinal flagellum in Ceratium tripos, amarine dinoflagellate. Journal of
Cell Science, 88: 109-123.

Matthes, D. (1984). Suktorienstudien I. Beitrag zur Kenntnis der Gattung Discophrya Lachmann. Archiv filr
Protistenkunde, 99: 187-226.

Matthes, D. (1981a). Die Familien und Gattungen der Sauginfusorien (Suctoria). Mikrokosmos, 70: 161-192.

Matthes, D. (1981b). Die Familien und Gattungen der Glockentiere (Peritricha). Mikrokosmos, 70 54-58.

Matthes, D. and Guhl, W. (1873). Sessile Ciliaten der Flusskrebse, Protistologica, 9: 453-470.

Matthes, D. and Guhl, W. (1975). Zwei neue Orbopercularien: Orbopercularia finleyi n.sp. und Orbopercularia corlissi
n.sp. Archiv filr Protistenkunde, 119: 357-360. . §

Matthes, D., Guhl, W. and Haider, G. (1988). Suctona und Urceolariidae. Fischer Verlag, Stuttgart. ‘

Matthes, D. and Plachter, H. (1975). Suktonien der Gattung Discophrya als Symporionten von Helophorus und
Ochthebiusund also traeger symbiontischer Bakterien. Protistologica, 11; 5-14, '

Mignot, ].-P. (1968). Etude ultrastructurale de (Cyathomonas truncata) From. (Flagellé cryptomonadine). Journat
Microscopie, 4: 239-252,

Mignot, ].-P. (1966). Structure et ultrastructure de quelques euglénomonadines. Protistologica, 2: 51-117. _

Mignot ].-P. (1974a). Etude ultrastructurale des Bicoeca protistes flagellés. Protistologica, 10 543-565, !

Mignot, ].-P. (1974b). Etude ultrastructurale d'un protiste flagellé incolore: Pseudodendromonas vikii Bourrelly,
Protistologica, 10: 397-412.

Mignot, ].-P. and Brugerolle, G, (1975). Etude ultrastructurale de Cercomonas Dujardin (= Cercobodo Krassilstchick),
protiste flagellé. Protistologica, 11: 547-554. .

Mignot, ].-P., Joyon, L. and Pringsheim, E.G. (1968). Compléments a I'étude cytologique des Cryptomonadines.
Protistologica, 4: 493-506.

Mignot, ].-P. and de Puytorac, P. (1968). Sur le structure et la formation du style chez l'acinetien Discophrya piriformis.
Comptes rendus de I'Academie des Sciences de Paris, 266: 593-595.

Mignot, ].-P. and Savoie, A. (1879). Observations ultrastructurales sur Nuclearia simplex Cienkowski (Protozoa,
Rhizopoda, Filosia). Protistologica, 18: 23-32.

Moestrup, @. and Thomsen, H A. (1976). Fine structural studies on the flagellate genus Bicoeca |. - Bicoeca maris with
particular emphasis on the flagellar apparatus. Protistologica, 12: 101-120. .

Nanney, D.L. (1880). Experimental Ciliatology. Wiley, New York.

Nanney, D.L. and McCoy, ]. W. (1976), Characterization of the species of the Tetrahymena pyriformis complex.
Transactions of the Amencan Microscopical Society, 98; 664-682.

Nauss, RN. (1849). Reticulomyxa filosa gen. et sp. nov., anew primitive plasmodium. Bulletin of the Torrey Botanical
Club, 76: 61-173. !

Netzel, H. (1972). Morphogenese des Gehauses von Euglypha rotunda (Rhizopoda, Testacea). Zeitschrift fiir
Zellforschung, 1385: 63-68, .

Netzel, H. (1975a). Die Entstehung der hexagonalen Schalenstruktur bei der Thekamobe Arcelia vulgaris var.
multinucleata (Rhizopoda, Testacea). Archiv fiir Protistenkunde, 117: 321-357,

218




Netzel, H. (1975b). Morphologie und Ultrastruktur von Centropyxis discoides (Rhizopoda, Testacea). Archiv filr
Protistenkunde, 117, 368-392. :
Netzel, H. (1977). Die Bildung des Gehauses bei Difflugia oviformis (Rhizopoda, Testacea). Archiv fiir Protistenkunde,

Nicholls, K.H. (1983a). Little-known and new heliozoeans. the centrohelid genus Acanthocysts, including descniptions
of nine new species, Canadian Journal of Zoology, 61: 1369-1386.

Nicholls, K.H. (1983b). Little-known and new heliozoeans: Pinaciophora triangula Thomsen new to North America and
adescription of Pinaciophora pinea sp. nov. Canadian Journal of Zoology, 61: 1387-1390.

Nicholls, K. H. and Diirrschmidt, M. (1985). Scale structure and taxonomy of some species of Raphidocystis,
Raphidiophrys, and Pompholyxophrys (Heliozoea) including descriptions of six new taxa. Canadian Journal of
Zoology, 63: 1944-1961.

Nisbet, B. (1974). An ultrastructural study of the feeding apparatus of Peranema trichophorum. Journal of Protozoclogy,
21:39-48.

Novotny, R.T., Lynn, D.H. and Evans, F.R. (1877). Colpoda spiralis sp. n., a colpodid ciliate found inhabiting treeholes
(Colpodida, Ciliophora). Journal of Protozoology, 24: 364-369.

Ogden, C.G. (1879a). Comparative morphology of some pyriform species of Difflugia (Rmzopoda). Archiv fiir -
Protistenkunde, 122: 143-153.

Ogden, C.G. (1979b). An ultrastructural study of division in Buglypha (Protozoa: Rhizopoda). Protistologica, 18: 54 1-556.

Ogden, C.G. (1983). Observations on the systematics of the genus Difflugia in Britain (Rhizopoda, Protozoa). Bulletin of
the British Museumn (Natural History) Zoology, 44 1-13.

Ogden, C.G. and Hedley, R H. (1880). An Atlasof Freshwater Testate Amoebae. British Museum, London.

Old, K.M. and Darbyshire, ].F. (1980). Arachnula impatiens Cienk. A mycophagous giant amoeba from soil.
Protistologica, 16: 277-281. .

Olive, L.S. (1975). The Mycetozoans. Academic Press, New York.

Ostwald, H. (1988). Ein Reise unter den Wurzelfufern: Reticulomyxa filosa. Mikrokosmos, TT: 123-125

Owen, H.A., Mattox, K R and Stewart, K.D. (1990). Fine structure of the flagellar apparatus of Dinobryon cylindricum
(Chrysophyceae). Journal of Phycology, 28: 131-141.

Owen, H A , Stewart, K.D. and Mattox, K R (1990). Fine structure of the flagellar apparatus of Uroglena americana
(Chrysophyceae). Journal of Phycology, 26: 142-149.

Paqe,;‘.c. '} z196’1) Re-definition of the genus Acanthamoeba with descriptions of three species. Journal of Protozoology.
14: 709-724.

Page, F.C. (1977). The genus Thecamoeba (Protozoa, Gymnamoebia) species distinctions, locomotive morphology,
and protozoan prey. Journal of Natural History, 11. 25-63.

Page, F.C. (1978). An electron-microscopical study of Thecamoeba proteoides (Gymnamoebia), intermediate
between Thecamoebidae and Amoebidae. Protistologica, 14: 77-85.

Page, F.C. (1981). Mayorella Schaeffer, 1926, and Hollandella n.g. (Gymnamoebia), distinguished by surface structure
and other characters, with comparisons of three species. Protistologica, 17 543-562.

Page, F.C. (1983). Marine Gymnamoebae. Institute of Terrestrial Ecology, Cambridge.

Page. F.C. (1983). Three freshwater species of Mayorella (Amoebida) with a cuticle. Archiv fiir Protistenkunde, 12T:
201-221.

Page, F.C. (1985). The limax amoebae: comparative fine structure of the Hartmanellidae (Lobosea) and further
comparisons with the Vahlkampfiidae (Heterolobosea). Protistologica, 21: 361-383. ;

Page, F.C. (1987). The classification of naked' amoebae (Phylum Rhizopoda). Archiv filr Protistenkunde, 133: 199-217.

Page, F.C. (1988). A New Key to Freshwater and Soil Gymnamoebae. Freshwater Biological Association, Cumbria.

Page, F.C.and Blanton, R L. (1985). The Heterolobosea (Sarcodina: Rhizopoda), a new class uniting the Schizopyrenida
and the Acrasidae (Acrasida). Protistologica, 21: 121-132.

Page, F.C. and Kalinina, L. V. (1984). Amoeba leningradensis n. sp. (Amoebidae): a taxonomic study incorporating

ical and physiological aspects. Archiv filr Protistenkunde, 128: 37-53.

Page, F.C. ahd Siemensma, F'J. (1981). Nackte Rhizopoda und Heliozoea. Fischer Verlag, Stuttgart

Patterson, D.J. (1978). Kahl's Keys to the Ciliates. University of Bristol, Bristol.

Patterson, D.J. (1979). On the organization and classification of the protozoon, Actinophrys sol Ehrenberg 1830.
Microbios, 26: 165-208.

Patterson, D.J. (1981). Contractile vacuole complex behaviour asa diagnostic character for free-living amoebae.
Protistologica, 17. 243-248.

Patterson, D.J. (1982). Photomicrography using adedicated electronic flash. Microscopy, 34: 437-442.

Patterson, D.J. (1983). On the organization of the naked filose amoeba, Nuclearia moebiusi Frenzel, 1897 (Sarcodina,
Filosea) and its implications. journal of Protozoology, 30 301-307.

Patterson, D.]. (1984). The genus Nuclearia (Sarcodina, Filosea): species composition and characteristics of the taxa.
Archiv fiir Protistenkunde, 128: 127-139.

Patterson, D.J. (1985). On the organization and affinities of the amoeba, Pompholyxophrys punicea Archer, based on
muasmmalexammﬁondmdmdmlcens&ommmateml]owm}o!mmng 32 241-246.

Patterson, D.J. (1989). Stramenopiles: chromophytes froma protistan perspective. In Chromophyte Algae: Problems
and Perspectives, (eds.)].C. Green, BSC. Leadbeater and W L. Diver. Clarendon Press, Oxford, pp.357-379.

216




Patterson, D]. (1990). Jakoba libera (Ruinen, 1938) a heterotrophic flagellate from deep oceanic sediments. Journal of
the Marine Biological Association, UK., 70: 381-393. v
Patterson, D.]. and Dirrschmidt, M. (1988). The formationof siliceous scales by Raphidiophrysambigua (Protista,
Centroheliozoa), Journal of Cell Science, 91: 33-39. '
Patterson, D.J. and Fenchel, T. (1985). Insights into the evolution of heliozoa (Protozoa, Sarcodina)asprovided by -
ultrastructural studies on a new species of flagellate from the genus Preridomonas. Biological Journal of the Linnaean
Society, 34: 381-403. ‘ ,
Patterson, D.]. and Fenchel, T. (1990). Massisteria marina Larsen and Patterson 1990,a widespread and abundant
bacterivorous protist associated with marine detritus. Marine Ecology Progress Series, 62, 11-19.
Patterson, D.]. and Hausmann, K. (1881). Feeding by Actinophrys sol (Protista, Heliozoa): I. Light microscopy.
Microbios, 31: 39-55. '
Patterson, D.J. and Larsen, J. (1991). The Biology of Free-living Heterotrophic Flagellates Oxford University Press,
Oxford.
Peck, R K. (1978). Ultrastructure of the somatic and buccal cortexof the tetrahymenine hymenostome Glaucoma
chattoni. Journal of Protozoology, 25: 186-198. .
Peck, R K. (1985). Feeding behaviour in the ciliate Pseudomicrothroax dubiusis a series of morphologically and
physiologically distinct events. Journal of Protozoology, 323: 492-501.
Peck, R, Pelvat, B, Bolivar, |. and de Haller, G. (1975). Light and electron microscopic observations on the heterotrich
ciliate Climacostomum virens. Journal of Protozoology, 23: 368-385. ‘
Penard, E. (1902). Faune Rhizopodique du Bassin du Léman Kiindig, Geneva.
Penard, E. (1904). Les Héliozoaires d'eau Douce. Kiindig, Geneva.
Pennak, R W. (1989). Fresh-water Invertebrates of the United States. (3rd edn.) Wiley Interscience, New York.
Pentecost, A. (1984). Introduction to Freshwater Algae. Richmond Publishing Co., Richmond, Surrey.
Picken, L.E.R. (1941). On the Bicoecidae: a family of colourless flagellates. Philosophical Transactions of the Royal
: Mczosoop:CalSoaegal B230. 451-773.
Pickett-Heaps, |.D. (1975). Green , Sinauer Associates, Sunderland, Massachusetts.
Pochmann, A. (1942). Synopsis der Gattung Phacus. Archiv filr Protistenkunde, 95: 81-252.
Pontin, R M. (1978). A key to British Freshwater Planktonic Rotifera. Freshwater Biological Association, Ambleside,
Cumbna. ;
Preisig, H.R. and Hibberd, D.]. (1882a). Ultrastructure and taxonomy of Paraphysomonas (Chrysophyceae) and related
genera l. Nordic Journal of Botany, 2: 397-420. ~
Preisig, H.R and Hibberd, D.J. (1882b). Ultrastructure and taxonomy of Paraphysomonas(Chrysophyceae) and related
genera 2. Nordic Journal of Botany, 2 601-638. :

Preisig, HR and Hibberd, D.J. (1983). Ultrastructure and taxonomy of Paraphysomonas (Chrysophyceae) and related
genera 2. Nordic Journal of Botany, 3; 695-723. - .

Prescott, GW. (1978). How to know the freshwater Algae. Wm. C. Brown, Dubuque, lowa. -

Pringshe llnll‘-gtg (1946). On iron flagellates. Philosophical Transactions of the Royal Microscopical Society of London,
B232: 3 :

Pussard, M., Alabouvette, C., Lemaitre, | and Pons, R (1980). Une nouvelle amibe mycophage endogée Cashia
mycophaga n. sp. (Hartmannellidae, Amoebida). Protistologica, 16: 443-451.

Pussard, M. and Pons, R. (1977). Morphologie de la paroi kystique et taxonomie du genre Acanthamoeba (Protozoa,
Amoebida). Protistologica, 13: 557-598. :

Rainer, H. (1968). Urtiere, Protozoa Wurzelfissler, Rhizopoda Sonnentierchen, Heliozoa. Part 56 of Die Tierwelt
Deutschlands, (ed.) F. Dahl Fischer Verlag, Jena. ¢ :

Rees, ].J., Donaldson, D.A. and Leedale, G.F. (1980). Morphology of the scales of the freshwater heliozoan
Raphidocystis tubifera (Heliozoa, Centrohelida) and organisation of the intact scale layer. Protistologica, 16: 565-570.

Repak, A ] and Isquith, LR. (1974), The systematics of the genus Spirostomum Ehrenberg, 1838, Acta Protozoologica, 12

Richard, M. (1989). The Bench Sheet Monograph on Activated Sludge Microbiology. Water Pollution Control
Federation, Alexandna, Virginia. ek -

Rieder, N. (1971). Elektronenoptische Untersuchungen an Didinium nasutum O.F. Miiller (Ciliata, Gymnostomata) in
Interphase und Teilung. Forma et Functio, 4: 46-86,

Roberts, D. McL., Warren, A. and Curds, C.R. (1983), Morphometric analysis of outline shape applied to the peritrich
genus Vorticella, Systematic Zoology, 32 377-388. ;

Roberts, K.R. (1984). Structure and significance of the cryptomonad flagellar apparatus. . Cryptomonasovata
(Cryptophyta). Journal of Phycology, 20. 590-599. '

Roberts, K.R., Stewart, K.D. and Mattox, KR (1981). The flagellar apparatus of Chilomonas paramecium
(Cryptophyceae) and its comparnison with certain zooflagellates. journal of Phycology, 17: 189-167.

Rodnigues de Santa Rosa, M. and Didier, P. (1975). Remarques sur l'ultrastructure du cilié gymnostome Mopodimum
balbiani (Fabre Domergue, 1888). Protistologica, 9: 469-480.

Royjackers, RM.M. and Siemensma, F.]. (1988), A study of the cnistidiscoidid amoebae, with descriptions of new
species and keys to genera and species (Rhizopoda, Filosea). Archiv fiir Protistenkunde, 138: 237-253

Sandon, H. (1927). The composition and distribution of the Protozoan Fauna of the Soil. Oliver and Boyd, London.

217




== -
e —— el ——

Santore, U.J. (1884). Some aspects of taxonomy in the Cryptophyceae. New Phytologist, 98: 627-646.

Santore, U.]. (1885). A cytological survey of the genus Cryptomonas (Cryptophyceae) with comments on its taxonomy.
Archiv fiir Protistenkunde, 130; 1-52.- A

Sarjeant, W.A.S. (1874). Fossil and Living Dinoflagellates. Academic Press, London.

Schaeffer, A A. (1926). Taxonomy of the amebas, with descriptions of thirty-nine new marine and freshwater species.
Carnegie Institute Washington Papers Dept. Manine Biology, 24: 1-116.

Schneider, H. (1986). Der Wasserdarm Spongomonas intestinum. Mikrokosmos, 18: 174-177.

Schnepf, E and Deichgréaber, G. (1969). Uber die Feinstruktur von Synura petersenii unter besondere
Beriicksichtigung der Morphogenese ihrer Kieselschuppen. Protoplasma, 68: 85-106.

Schnepf, E, Deichgréber, G., Roderer, G. and Herth, W. (1977). The flagellar root apparatus, the microtubular system
and associated organelles in the chrysophycean flagellate, Poterioochromonas malhamensis Peterfi (syn.
Poteniochromonas stipitata Scherffel and Ochromonas malhamensis Pringsheim). Protoplasma, 92: 87-107.

Schrenk, H.G. and Bardele, CF. (1991). The fine structure of Saprodinium dentatum Lauterborn, 1908asa
representative of the Odontostomatida (ciliophora). Journal of Protozoology, 38: 278-293.

Schuster, F.L. and Pollak, A. (1978). Ultrastructure of Cercomonas sp., a free-living ameboid flagellate. Archiv filr
Protistenkunde, 120: 206-212.

Shawhan, F.M. and Jahn, T.L. (1947). A survey of the genus Petalomonas Stein (Protozoa: Euglenida). Transactions of the
American Microscopical Society, 68 182-188,

Shigenaka, Y., Watanabe, K. and Suzaki, T. (1880). Taxonomic studies on two heliozoans, Echinosphaerium akamae sp.
nov., and Echinosphaerium ikachiensis sp. nov. Annotnes Zoologicae Japonenses, 83: 103-119.

Siemensma, e ll:é (l%le). De Nederlandse Zonnendiertjes (Actinopoda, Heliozoa). Wetenschappelijke Mededelingen

NNV, 149 1-118.

Siemensma, F.J. and Roijackers, R M. M. (1988). A study of new and little-known acanthocystid heliozoans, and a
proposed division of the genus Acanthocystis (Actinopoda, Heliozoea). Archiv fiir Protistenkunde, 138: 197-212.

Sims, R W. (1980). Animal identification: A reference Guide. British Museum of Natural History, London.

Sims, R.W., Freeman, P. and Hawksworth, D.L. (1988). Key Works to the Flora and Fauna of the British Isles and
Northwestern Europe. (5th edn.) Oxford University Press, Oxford.

Singh, B.N. (1981). Nuclear division as the basis for possible phylogenic classification of the order Amoebida Kent, 1880.
Indian Journal of Parasitology, 8: 133-153.

Singh, B.N., Misra, R and Sharma, A K. (1981). Nuclear structure and nuclear division as the basis for the subdivision of
the genus Thecamoeba Fromental, 1874. Protistologica, 17 449-464.

Siver, P.A. (1981). The genus Mallomonas. Kluwer Publishing Group, Dordrecht.

Skuja, H. (1939). Beitrag zur Algenflora Lettlands Il Acta Horti botanici Universitatis latviensis, 11/12. 41-169.

Skuja, H. (1948). Taxonomie des Phytoplanktons einiger Seen in Uppland, Schweden. Symbolae botanicae Upsaliensis,
9: 1-399.

Skuja, H. (1956). Taxonomische und Biologische Studien das Phytoplankton Schwedischer Binnengewisser. Nova Acta
Regiae Societatis Scientiarum Uppsaliensis (4th series), 16: 1-403.

Skuja, H. (1964). Grundziige der Algenflora und Algenvegetation der Fieldgegenden um Abisko in
Schwedish-Lappland. Nova Acta Regiae Societatis Scientiarum Uppsaliensis (4th series), 18: 1-465.

Sladacek, V.V. (1872). Four mesosaprobic communities of colourless flagellates. Archiv filr Protistenkunde, 114:
145-148.

Sladecek, V. (1972). System of water quality from the biological point of view. Archiv fiir Hydrobiologie (Beih. Ergebn.
Limnol.), T: 1-218.

Slankis, T. and Gibbs, S, P. (1872), The fine structure of mitosis and cell division in the chrysophycean alga Ochromonas
danica. Journal of Phycology, 8: 243-256.

Sleigh, M. A. (1964). Flagellar movement of the sessile flagellates Actinomonas, Codonosiga, Monas, and
Poteriodendron. Quarterly Journal of Microscopical Science, 108: 405-414

Small, E.B. and Lynn, D.H. (1881). A new macrosystem for the Phylum Ciliophora Doflein, 1901. BioSystems, 14: 387-401.

Smith, R. McK, (1986). Analyses of heliozoan interrelationships: an example of the potentials and limitations of
ultrastructural approaches to the study of protistan phylogeny. Proceedings of the Royal Society of London, B 227:

Society for General Microbiology (1979). The Cyanobacteria. Journal of General Microbiology, 111: 1-85.

Spector, D.L. (1984). Dinoflageliates. Academic Press, Orlando.

Starmach, K (1885). Chrysophyceae und Haptophyceae, Band . In Stisswasserflora von Mitteleuropa, (eds.) H. Ettl, J.
Gerloff, ]. and H H. Heynig. Fischer Verlag, Stuttgart.

Starr, M.P., Stolp, H., Trilper, H.G, Balows, A. and Schlegel, HG. (eds.) (1881). The Prokaryotes (2 volumes) Springer
Verlag, Berlin. ;

Suchard, S.]. and Goode, D. (1982). Microtubule-dependent transport of secretory granules during stalk secretion ina
peritrich ciliate. Cell Moulity, 2. 47-71. ’

Surek, B. and Melkonian, M. (1980). The filose amoeba Vampyrellidium perforans nov. sp. (Vampyrellidae,
Aconchulinida): axenic culture, feeding behaviour and host range specificity. Archiv filr Protistenkunde, 123:
166-191.

218



Swale, EM.F. (1873). A study ofthe colourless flageliate Rhyncomomnamta (Stokes) Klebs. Baologtail]oumelo! the
Linnaean Society, 5. 255-264. " -

Suzaki, T. and Williamson, R.E. (1986). muasuucnneandsbdmgofpalbculaxsuucmxesdunngeuqlemldmoveuwm n
Astasia longa Pringsheim (Sarcomastgophora, Euglenida). Jourtial of Protozoology, 33: 179-184, )

Tamar, H. (1968). Observations on Haltera bifurcata sp. n. and Halteria grandinelia. Acta Protozoologica, 6. 175-183.

Tamar, H. (1974). Further studies on Halteria. Acta Protozoologica, 13:177-190. -~

Tartar, V. (1961). The Biology of Stentor. Pergamon, Oxford.

Tatchell, E.C. (1981). An ultrastructural study of prey capture and ingestion in Lacrymana olor (O.F. M. 1786).
Protistologica, 17. 59-66.

Taylor, F.J.R (1880). On dinoflagellate evolution. BioSystems, 13: 65-108.

Taylor, F.].R. (1887), The Biology of Dinoflagellates. Blackwell, Oxford.

Trainor, F.R. and Cain, ].R. (1986). Famous algal genera. | Chlamydomonas. In Progress in Phycological Research,
(eds.) F.R. Roundand D.J. Chapman. 4: 81-127.

Trniemer, R.E. (1985). Ultrastructural features of mitosis in Anisonéma sp. (Euglenida). fournal of Protozoology, 32
683-690.

Tnemer, R.E. and Fnitz, L. (1987). Structure and operation of the feeding apparatus ina colorless euglenoid, Eptosiphon
sulcatum. Journal of Protozoology, 34: 39-47.

Triemer, R.E. and Ott, D.W. (1990). Ultrastructure of Diplonema ambularorl.arsenand?anerson (Euglenozoa)and its
relationship to Jsonema. European Journal of Protistology, 26: 316-320.

Tucker, ]. B. (1972). Microtubule-arms and propulsion of food particles inside a large feeding organelie in the cmate
Phascolodon vorticella. Journal of Cell Science, 10: 883-903.

Tucker, ].B. (1978). Endocytosis and streaming along highly gelated cytoplasm alongside rows of arm-bearing
microtubules in the cihiate Nassula. Journal of Cell Science, 29: 213-232.

van Bruggen, J.J.A., Stumm, C K., Zwart, K.B. and Vogels, G.D. (1985). Endosymbiotic methanogenic bacteria of the
sapropelic amoeba Mastigella. FEMS Microbiclogy Ecology, 31: 187-192.

Vickerman, K. (1976). The diversity of the Kinetoplastid flagellates. In Biology of the Kinetopiastida, (eds.) W.H.R.
Lumsdenand D.A. Evans. Volume 1, Academic Press, London, pp. 1-34.

Vickerman, K and Preston, T.M. (1976). Comparative cell biology of the Kinetoplastid flagellates. In Biology of the
Kinetoplastida, (eds.) W.H.R. Lumsden and D.A. Evans. Volume 1, Academic Press, London, pp.35-130.

Villeneuve-Brachon, S. (1940). Recherches sur les ciliés hétérotriches. Archives de Zoologie expérimentale et
générale, 82: 1-180.

Vers, N., Johansen, B. and Havskum, H. (1990), Electron microscopical observations on some species of
Paraphysomonas (Chrysophyceae) from Danish lakes and ponds. Nova Hedwigia, 80. 337-354.

Walker, M.H., Roberts, E.M. and Usher, M. L. (1886), The fine structure of the trophont and stages in telotroch formation
in Circolagenophrys ampulla (Ciliophora, Pentrichida). Journal of Protozoology, 33: 246-258,

Walton, L.B. (1815). The Euglenoidina of Ohio. Bulletin of the Ohio State University, 1: 343-350.

Warren, A. (1982). A taxonomic revision of the genus Platycola (Ciliophora, Pentrichida). Bulletin of the British Museum
(Natural History) Zoology, 43 95-108,

Warren, A (1885). A redescription of the freshwater loricate ciliate, Stentor barretti Barrett, 1870. Archiv fiir
Protistenkunde, 129: 145-153.

Warren, A and Carey, P.G. (1983). Lorica structure of the freshwater ciliate Platycola decumbens Ehrenberg, 1830
(Peritrichida, Vaginicolidae). Protistologica, 19: 5-20.

Wee, ].L. (1982). Studies on the Synuraceae (Chrysophyceae) of lowa. Bibliotheca Phycologica, 62: 1-183.

Weinreb, S. (1955a). Homalozoon vermiculare (Stokes): 1. Morphology and reproduction. Journal of Protozoology, 2.
59-66. Vi

Weinreb, S. (1955b). Homalozoon vermiculare (Stokes): 11, Parapharyngeal granules and trichites. Journal of
Protozoology, 2. 67-10.

Wessel, D. and Robinson, D.G. (1979). Studies on the contractile vacuole of Potericochromonas malhamensis Peterfi. L
The structure of the alveolate vesicles. Eurcpean Journal of Cell Biclogy, 19. 60-66.

Wessenberg, H. and Antipa, G. (1968). Studies on Didinium nasutum 1. Structure and ultrastructure. Protistologica, 4:
427-447.

Wessenberg, H. and Antipa, G, (1970). Capture and ingestion of Paramecium by Didinium nasutum. Journal of
Protozoology, 17. 250-270.

Wesenberg-Lund, C. (1925). Contributions to the biclogy of Zoothamnium geniculatum Ayrton. Memoires de
l'academie Royale des Sciences et des Lettres de Danemark, Sciences (8th senes), 10: 1-53.

West, LK., Walne, P.L. and Rosowski, ].R. (1980). Trachelomonas hispida var. coronata (Euglenophyceae). L
Ultrastructure of cytoskeletal and flagellar systems. Journal of Phycology. 16: 489-497.

Wichterman, R. (1986). The Biology of Paramecium. (2nd edn.) Plenum, New York,

Wilbert, N. and Foissner, W. (1880). Eine neuebescreibung von Calyptotricha laniginosum Penard, 1922 (Ciliata,
Scuticociliatida). Archiv filr Protistenkunde, 123: 12-21.

Willey, R L., Walne, P.L. and Kivic, P. (1588). Phagotrophy and the origins of the euglenoid flagellates. CRC Critical
Rewviewsin Plant Sciences, T. 303-340.

219



T ey ‘E

This exquisitely illustrated book is the
definitive guide to the identification of
protozoa. As well as over 230 high-quality
colour photographs, it contains 500 detailed
line drawings, showing essential features and
making speedy and positive identification
possible. The succinct and authoritative text
is supported by extensive references.
Communities of protozoa are dealt with in a
separate section, which covers a range of
environments and contains information on
the significance of these communities as
indicators of contamination and pollution.
As well as being an essential teaching aid,
Free-Living Freshwater Protozoa is a
valuable guide for professional biologists
involved with water, sewage treatment, rivers,
soils and environmental management. it is
also an important reference source for food
science laboratories and public health and

regulatory bodies.

Free-Living Freshwater Protozoa includes:

Collection, examination and recording of protozoa

Classification

Identification — using the highly illustrated key with supporting text and references
Protozoan communities — covering a range of man-made and natural environments
Glossary of terms

Extensive bibliography and reference lists

From the Reviews:

‘... The photomicrographs are generally of excellent quality, and these, with the equal-
ly excellent line drawings and complete descriptions, make for a very easy-to-use key.
This is about the best reference one could have, short of an actual, living specimen ...
This is not a specialist book and can be easily used by amateurs; but it should also
prove a valuable guide to professional biologists involved with water, sewage works,
rivers, soils, environmental management, food science, and public health; it would, in
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addition, serve as a dandy teaching aid for classroom use, as well as for self-study.’ —~3
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