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Introduction

Protozoa may be found in almost every aquatic hab-
ital, from cesspit to mountan 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 convenent source of material to
dlustrate biclogical principles

In recent years it has becorne clear that, despile
their small size, the contnbution of protozoa o the
metabolism of aquatic and terrestrnial ecosystems
can be very substantial Protozoa occupy a signifi-
canl, sometimes dominant, position among the con-
sumers within a community. Theu importance is
closely linked with their use of bacterna 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 mictobial com-
munities has been held back because there 15 little
familiarity with the organisms.

Protozoan communities are very dynamic struc-
twes, 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 cccurrence of par-
nicular species as ndicators of changes in ecosys-
terns However, such suggestions should be fol-
lowed with caution as there are major dificulhes
mnvolved in finding the nght way to sample the hab-
itats occupied by protozoa, and in accurately identi-
fying species.

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

What are protozoa?

Protozoa cannot be easily defined because they are
diverse and are often only distantly related 1o each
other They are umcellular eukaryotes Together
wth the uucellular algae and the slime moulds, they
make up the protists Protozoa have usually been

N

with the diversity of any group of organisms can be a
daunting task. In the case of protozoa, there are few
English-language books offenng an authoritative
understanding of the group. Many books claiming to
be guides to the protozoa (see Bibliography, for a
list of such books) often require knowledage of ape-
cial preservation and/or staining technigues, 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
o an observer locking down a mictoscope, and
make the learning and recognition processes a little
more exact

This Guide deals only with protozoa from fresh-
waler sites, and the organisms illustrated have been
obtained from ditches, small ponds, puddles, lakes,
agquana and water-ireatment plants The common
and accessible organisms are emphasized in pref-
erence o rarer organisms or organisms less likely
to be collected (e.g. from open lakes or from anoxic
habitats). As the book 13 not comprehensive,
readers will find that some orgamsms are not inclu-
ded here. For these, and for identification beyond
genus, the user should make use af the specialist
literature cited in the Key and the Bibliography

The terms {ree-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 1=
considerable species overlap between com-
mumnities from these habitais 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 nutnients,
and should not be ignored Also included are a
couple of protozoa that are found living attached to
other organisms Ectosymbicnts rarely harm their
hosts, and are best regarded as free-living species
exploiting their hosts for atachment Their location
usually secures a better supply of food

distinguished from algae because they obtain energy
and nutnents by heterotrophy, that is, by taking in
complex organic molecules, either in sgluble form
(osmotrophy) or as particles such as bactena, detritus
or other protists (phagotrophy). Protozoa ('first ani-




mals’) get their name because they employ the same
type of feeding strategy as aimals 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-
iams, these two nutritional stralegies are not mutually
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
nutrition, whether or not they also contain chloro-
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 chioro-
plasts. Nol only has the protozoan state been
adﬂawdm:laperdanuymmﬂnmnlhnudmb
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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 aorganelles 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.

Distkngriishing 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 (mult-
cellular) metazoa (especially rotifers, gastrotrichs,
copepods, flatwarms 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 practics, it is ex-
tremely difficult to see the boundaries of cells within
microscopic metazoa, and other {eatures 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 recogmized,
rotifers have a distinctive mastax (Fig. 15) behind
the mouth, anterior cilia and a forked tail’, and the
round, smooth surface of most nematodes (Fig. 18),
together with their stiffness and thenr 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 leamed.

Equally simple on paper 15 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 | pym However, some protozoa are
very tny, and some bactena are rather large and
may have various ons, 5o identification 1s not
always straightfo Most bacteria have a
simple shape (sphencal, 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
ahletuhnnpmudnm

Protozoa may be amoeboid, flagellated or cili-
ated There 18 no clear boundary between flagel-
lated protozoa and flagellated algae. If definitions of
algae and protozoa based on their respective nutn-
tional strategies are accepted, then some organsms
are both algae and protozoa. Some protists that rely
exclusively on heterotrophy (Le. are protozoa) may
be closely related to some species that rely ex-
clusively on autotrophy (iLe. 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 Cuide 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 1s lifted away from the: sub-
strate on a stalk, allowing the spores to be released
into air or water currents 1o 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
equpment is essential a compound microscope, 2.6
¥ T6cm glass slides with coverslips glass
dropping (Pasteur) pipettes and teats, small glass
Petr1 dishes, collecting jars, soft tissues and filler
paper (blotting paper). Ideally, the following equip-
ment should also be on hand: a dissecting (low-
power or oinocular) microscope, an alcchol or

Microscopes

The choice of microscope is important tn the study
of protozea, in that a good choice will allow you to
see more, and to see it with ease. Microscopes with
built-in dluminators and binocular eyepieces are
more convenient than (huse with separate light
sources, and protozoologists also benefit greatly
from phase contrast optics The condenser should
be equipped with an ins, Anoption for photography,
such as a trinocular head with a vertical tube 1o
which a camera can be attached, is desirable.

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

Magmnifying power 1s less important than resolving
power, that B, it is far better to see details clearly
than 1o 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 lo dirt and
damage. Both cause reduction in image quality. For
example, mascara-laden eyelashes can damage
‘the surfaces of eyepieces However, a properly
mamtained microscope can last for decades.

As far as possible, keep dust off microscopes by
potecting them with a plastic bag or cover. Do not
leave any open tubes uncovered (e.g. the eyepiece
tubes), as dust will get inside the microscope. Avoid
sucden changes in temperature, since this can lead
o condensabon inside the microscope Do not
place a microscope where 1t can be splashed with
‘water 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 measunng eyepiece
and micrometer slide, a filter apparatus (filter
funnel/coffee filter), plankton net (less than 20pm
mesh), a can of compressed air with a nozzle, a col-
lection of bottles and jars, solid watch glasses,
barley, wheat and/or nce grains, agar powder,
autoclave (pressure cooker), photographic facilities
and a centrifuge.

quality. Higher-power objectives are usually of the
oill-immersion type. Ideally, i the micrescope is
capable of phase contrast microscopy, phase ob-
jectives should be bought in preference to those of
the bnght-field (normal) variety. The eyepieces
should have a magnification of between x8and x12

A dissecting microscope 15 a lower-powar 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 & hunting
around a sample before matenal or orgamsms are
selected for observation or culture, Lighting on such
micToscopes may either be from above (lop bghiing)
or transmitted through the specimen. The latter is
desirable when examining protozoa, with the light
source removed as far as possible from the orgarsms
to iIncrease contrast and to reduce the risk of heating
the specimen Cood dissecting microscopes have
bualt-in dlurminators.

Compact field microscopes are also avalable.

amosphere and al an even temperature.

If possible, avoid touching glass surfaces with any
material Most dirt will be in the form of dust, and it 1s
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
matenals that may contain grit, such as cheap paper
tissues. Special lens tissues are available (usually
from photographers and opticians) for cleaning
ophtical glass surfaces, but clean, soft cofton 1§ also
very good.

Lubncation of moving parts (stage movement, ob-
jective nurret, focusing mechanism, ins diaphragms) is
best left to experts.
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Basic microscopy

Familianze yourself with the principle components
of the microscope These include the hght source,
. ‘I'Il light somxce: almost all modermn mcro-
have built-in illuminators typically

emmpadmhadxﬂmbmmwenﬂhmmm
and a regulator to control the level of illumination.
There 18 no ‘perfect’ level of illumination: light inten-
gity should be adjusted for personal convenience.
More intensa hghts tend to heat the specimen being
observed, and will lead to physwological distress
and morphological distortion of cells Minmmal illum-
maton, best achieved by working m a dimly bt or
darkened room. s desirable

Some microscopes have meters that indicate the
relative intensity of iluminaton. In some, the upper
extreme 15 marked (usually in red), and i the inten-
sity remains at thas level for a long ume, it will
shorten the life span of the bulb. Some meters also
have a marked zone in the muddle of the range,
within which the best colour balance in photo-
graphs will be achieved.
® The condenser is a lens system that focuses hght
onto the specimen The condenser can be moved
up and down relative to the stage, and on some
micToscopes it may also be possible to move it 1o the
left and the right. and backwards and forwards It
may contain an s, and may have removable or
optional componerts for different contrast enhance-
ment techniques.
¢ The stage usually has a clip that is pressed
agamst 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 mto place If all the objectives
have been bought from the same manuiacturer,
they should all focus at the same level eiminasting
the need to change the focusas you switch fromone
objective to another, and helping to prevent ac-
cidental damage to specimens, or 10 the cbjectives
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 covership 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) nucroscopy, the stepsare as
follows:

e 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 ins 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 1o 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 fited, 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 cbjective. 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 carrned out every time the objective is changed:

® Remove one eyepiece, and, looking straight
down the mube, 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 dlumination achieved by setting up the mic-
roscope in this way s 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. Conseguently, some
form of contrast enhancement will be requured.



Contrast enhancement

Contrary to the recommendations of many books on
microscopy, resolving power is less important to
protozoclogists 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 acceasories are
required for most of these.

The simplest way of enhancing contrast is to close
the ins in the condenser, or 1o lower the condenser
50 that it 15 below its optimal position (compare Figs
349 & 350). Dark-ground effects (Fig. 353) can also
be achieved by adjusting the lighting so that light 18

Mlcrusmplcal 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 image 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 vanous
sizes and thicknesses, ranging from NoO to No.2,
which are thin and thick respectively. The author
recommends 22 x 22 mm (square) or 32 x 22 mm
No.l coverships Like shdes covershps should be
cleaned before use, as small glass fragments, or
greasy films reduce image quality. Coverslips are
cleaned by carefully drawing them between [olds
of tissue held between the thumb and forefinger.

Heat and oxygen-depletion can cause cells to be-
come moribund. The lamp of a mcroscope 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 fo
cause extensive physiological distress. Samples
taken from orgamically ennched sites (e.g. sewage
treatment plants) and placed under a coverstip will
rapidly use up the available oxygen, and the com-
munity strocture will begin to change within a few
minutes. Thus, rapid processing 1s usually desirable
if you wish to cbserve 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
observahon almost impossible.

The movements of prolozoa 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 imited amount of
detail in an object.

Phase contrast faciliies are widely available.
Special objectives and a condenser are required. If
starting from scratch, it is probably more economi-
cal 1o buy phase facilities at the outset Phase con-
trast is a relatively cost-effective way of getting
good, high-contrast images. Nomarski (differential
mierference) contrast also requires special ac-
cessones, these are relatively expensive, but the
resulting images (Fig. 352) have great clarity as well
as good contrast

lems Usually, active motility 1s 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 oblained from microscope
suppliers If these devices do not work, vanous nar-
cotizing agents or viscous slowing agents can be
used Narcotizing agents include the sohihons of
heavy metals, such as mickel or gppper chlonde
(used at a concentration of 5-10 mMoll), while
methyl cellulose can be used lo 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 s o see them behaving naturally, all can
be regarded as unsatisfactory

An alternative means of immobilizing active or-
ganmsms 18 fo use a small piece of tissue paper 1o
draw excess flud from under the coversiip, 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 flnd
should be kept handy. as it may be necessary to add
a small drop of fluid to 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 detnitus and will not become wisible until they
have been given sufficient time o disperse from it

Complete beginners are advised 1o work with
matenal that 1s known to contain many protozoa, for
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example, natural samples that have been checked
using a binocular microscope, cultures from biolog-
ieal 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 bwit 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 vacucle, the contents
of food vacucles, 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 accompamed by an eshmate
of size, which may be made in two ways, The first 1=
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

14

flame, and, with a smooth movement, draw it out to
the thickness of a han. This pipette can then be
broken to give an aperture with a diameter 2-5
times greater than that of the cell, and can be used
to pick up individual cells with the minimum amouant
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 cutside of
the coverslip. Care and regular examination of the
cells throughout the procedure are advisable if it is
important that a particular species is observed.
Large protozoa may be crushed by cowvershps,
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 flud
and then laying another coverslip across them

at a micrometer shide 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 orgamsm may then be estimated as a proportion
of the field of view. Alternatively, a measunng
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 lo be calibraied against a micro-

meter slide. This has to be done for each objective,
Organisms are measured as a number of eyeplece
units, and this 1= converted into microns. Multiplying
the magnification of the objective and of the
eyeplece does not give the magnification of the
object being observed

Although drawings are best made in a firm plain
paper notebook, one option 12 to use large punch-
cards The holes may be cut out according to a pre-
determined code (2.9 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 10 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 1o 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 & microscope, and a
projection eyepiece. Only if the camera 15 attached
to a separate port will it be possible to make unhun-
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 flud 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 is straightforward, and any camera with
automatic exposure control can be used, fagt 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 yel none 1s avallable 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 dismanthing it from
the electromic flash gun and foang 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 Queket
Microscopical Club) or in Mikrokosmos (in German),
bath 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
light 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 pnnting lechniques 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
Techrucal Pan, are those that have very high contrast,
adjustable sensitivity, and an insignuficant grain. For
colour work, the author has used conventonal
colour-reversal (slide) film Special photomicro-
graphic films are available, but they are difficult to
obtain, expensive, and offer marginal improvement
over normal films. lfane flash is to be used,
daylight colour films are appropriate; without a
flash, a blue filter or an artificial hght film will be
needed.

Photographs are often marred by dust within the
optical system. The most common sites from which
images of dust are projected onto the pichure 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.l1l). Shight unfocusing of the condenser
usually eliminates any mmages of dust inside the
lamp housing




Video microscopy
Video microscopy 1s an ideal medium for taaching

microscopy and protozoology, as many smaller or-
ganisms can be identified from their movements

It s now &s cheap to buy a colour camera as a

black and white one, and colour is recommended
Camcorders can be-set to foous on infinity and
simply direcied down the eyepiece, but the result is
far from satisfactory. It 18 preferable 1o use sur-
velllance-style cameras without a lens, which are
aitached 1o the microscope using a special adaptor
tinp&nsmaybehmuhtﬁmmm
Is.

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 permanertly wet. The numbers of active, trophic
individuals will be determined by the amount of
food available and by the prevalence of pradalors.
Many protozoa directly or indirectly rely on decay-
ing organic ( ) debris or on unicellular
algaelm'hod nichest sources of protozoa n
natural habitats are sites of hugh productivity, such
as shallow ponds, or the borders of larger standing
Mﬂmﬂm&ﬁmﬂoﬂwrphm 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 material (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 tan survive. Sumilarly,
flowing waters do not usually contain many pro-
tozoa. However, protozoa may be found in and
around associated plant matenal

Protozoan communities are very changeabile and
when collecting. transporting and maintaining sam-
ples, care must be taken o prevent severe changes
in the communities If samples are kept in a cool
place in the laboratory, a succession of different or-
ganisms willappear over a perod of seversl weeks,
Collections should be made in relatively laige 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 mcluded.

Most pond/ditch/lake samples will be collected
from clean, organically enniched, or anoxc sites;
each type of sample has to be handled differently. If
the water from the callecton site 18 clean and aerated,
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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 kil
the protozoa from aerated sites, and the oxygen will
kill protozoa living ' anoxic sites. For this reasor.
one should also avoid mixing air with the sample
Protozoa from orgamcally enriched sites (e.g. polluted
siles 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 ar
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 i (before all the fluid has gone) o
resuspend collected material and up the con-
centrated sample into a container. Many species
die soon after being concentrated Samples may
also be taken with a plankion net ideally with a
mesh size of less than 20 pm i the nel is to retam
protozoa. Such nets are expensive. A slower but
convenent method is to reverse filter a sample. A
plastic or glass cylinder with a membrane (eg
045 pm 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 info
the cylinder, but the protozoa are held back by the
mesh The water can be removed from inside the
cylinder with a pipeatte.

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

If a sample is left 10 stand undisturbed for several
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hours, vanous species may move towards the hght,
or accumulate at the top, bottom or sides of the con-
tammer Such aggregaticns are sometimes visible
with the naked eye, but fat glass containers (such as
Petri dishes) and a dissecting microscope do make it
much easier 10 find them Generally, samples taken
from the bottom of a jar will contain most protozoa.

Muds, sands, peat shuries and other sediments
are often rich in protogoa Samples of the top few
millimetres (L& without the deeper anoxic matenal)
may be taken with a spoon (wok spoons are ideal). In
the laboratory the sediment may be used to mnoculate
a fluid culture (see below). Most protozoa in sedi-
menis are motle and will move upwards; they may
be collected by placing the sediment in a dish, re-
moving the excess fluid after a few hours, placing a
layer of lens tissue over the mud, and adding some

ips. Two or three days later, a community of
organisms will have developed on the undersurface
of the coverslips. Older preparations usually be-
CcoMme anoxic.

Soils contain many and may be used to
moculate fhud cultures (see below). Virtually every
species found in souls 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 moculate fluid ot 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, protozcan 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 1o provide a medium that suts each species,
and a supply of appropriate food Glassware that
has been cleaned in ho! water and ninsed of all det-
ergent provides the best culture vessels
Cultures can be selective or non-selective. The
latter are usually samgples of water ennched with
some food material Since most protozoa eat
bacteria or bactenial detritus, the sumplest way 1o

Mosses, such as Sphagnum, also contain many
prolozoa. especially testate amoebae and various
species with symbiotic algae. Handfuls of the fila-
ments that extend 1o the ground should be collec-
ted, placed in a plastic bag and returned to the lab-
oratory. Protazoa will be found in the water thal is
obtained by squeezing the sample several imes

Other sites that are nch in protozoa include shmes
on sobd 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 clarifying the water (they
remove suspended bacteria). The protozoa are
found in the sludge of activated slidge plants, in the
organic layer in trickle filters, or on biodiscs.

The relaiive 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 o be relatively abundant
early in the year in temperate clmates

Samples that contain large numbers of anumals
(small crustacea, worms, midge larvae, etc. ) will not
provide as nich a vaniety of prolozoa as those withoui
metazoa If metazoa are present the protozoa will
soon disappear after the material has been returned
to the laboratory, and it is advsable to pass the
sample through a meve or other crude filter 1o 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 io 'go off; the organic matter
creates a biological demand for oxygen that cannot
be met by diffusion from the surface. The cultures
oxic (even reduced) conditions may follow. Thiscan
be avoided by keeping the amount of organic matter
to a minimum and by ensuring that the sample hasa
large surface area.

ennch a culture is to add several boiled barley,
whea! or rice grains. However, as cultures enriched
in this way tend to disiort the community structure,
this approach cannot be used to provide a hist of all
ﬂmpmmmspmimhﬂmﬁypmmmaamph
Non-selective cultures often produce similar
m(&muvahmmwﬂmm&h}ﬁumnth&t
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More selective cultures are obtained either by
offenng food that will st particular protozoa only,
or by collecting oneé 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 1o
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
is kept relatively still ander the microscope, and the
sample 18 gently moved around to bring the or-
ganisms 1o the pipette, rather than the other way
around. Alternatively, a small drop of fluid can be
drawn up via a teat or a tube to the mouth. For very
small organisms, it may be necessary to carry out
this process under a compound micToscope, using a
mechanically driven (hypodermic) syringe to draw
up small quantities of fud.

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
target species can then be inoculated into fresh
medium with a source of food. The most rewarding
growth is usually achieved if the imatial cultures are

of small volume (no more than several millilitres

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 o
the target organism. Some species grow best in
mixed cultures, and this is especially true of large
genera such as Amoeba o1 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: 1.5 g of agar are added to 100 mils of medium
placed in a boiling water bath until molten, poured
into shallow (usually Petri) dishes, and left to gel
Agar s suitable for many amoebae and soil pro-
tozoa, and some flagellates. The dishes should be
covered to prevent evaporation while the prolozos
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 bactera in suspension
bacteria adhering to sufaces other protozoa
algae, and detntus. The simplest organisms to cul-
ture are often those that eat bactena, a supply ¢
which can be guaranteed by adding boiled barley,
WMELMHNMMEWHMEW&

Other media and methcds of culture be
found in, for example, Finlay et al (19688), Kirby
(19841) and Lee et al. (1988)




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 nucler

Chonotrichs: ectosymbiotic ciliates with a spiral
fold of cyloplasm 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 pairs. Bursaria, Colpoda, Cyriolo-

Orm;:hnm motile cihates with a cluster of
strongly developed microtubular rods or nemato-
desmata, normally used for manipulating algae
or large lumps of debnis into the mouth. Either

(hypostomes) or rounded. Chilodonells,
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, Didinium, Dileptus, Homalozoon,
Lacrymana, Litonotus, Loxophyllum, Monodinitm,
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: oligochymenophora with
short membranelles and an undulating mem-
brane. Mouth usually small and difficalt to see
Common, especially in corganically enriched
sites Cinetochifum, Colpidium Glaucoma, Tetra-
hymena.

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

moment for protozoa. Consequently, given below is
a ghort list of the major types of protozoa (along with
a few distinguishing feahires), which is intended to
be asimple filing system; evolutionary relationships
are not imphed. 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.
() Pernitnichs: oligochymenophora with buceal
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,
Vaginicola, Vorticella.
(iv) Peniculines: oligophymenophora 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, Necbursaridium, Urocentrum.

Polyhymenophora (spirotrichs): ciliates that feed
using a band of membranelles stretching from
the anteror pole of the cell to the cytostome. The
E:»and is called the adoral zone of membranelles
(1} Hypoinchs: polyhymenophora that walk on
the substrate using cirri (blocks of cilia), Usually
dorsoventrally flattened, Amphisiella, Aspidisca,
Chaefospira, Euplotes, Holosticha, Oxytricha,
Paruroleptus, Pattersoniella, Stichotricha, Stylo-
nychia, Tachysoma, Uroleptus, Urastyla.
(i) Heterotrichs: polyhymenophora that move
with somatic cilia arranged in kineties. Blephar-
isma, Brachonella, Caenomorpha, Climacost-
omum, Condylostoma, Metopus, Spirostomum,
Stenfor.
(iii) 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.
AZIM 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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bns, detnitus, damaged cells or tissue. Mostly
associated with deintus Coleps Mesodimum,
Urotncha, Prorodon.

stage. This stage 1s 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 anterniorly, but one 13 directed
backwards (recurrent) and attaches the cell
to the bottom of a vase-shaped, organic lonca
Eat suspended bacteria Without chioroplasts
Bicosoeca.

Bodonids: small, biflegellated organisms Flagella
insert subapically or laterally, with one directed
laterally or anteniorly, and one recurrent. One
genus is attached. the others usually move by
ghiding or skipping Usually eat individual adher-
ing bacteria, taken in via a discrete mouth
Without chioroplasts 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
macuvgrm one. Colouriess Feed on

Hefmumm.

monas,
= Chrysomonads: cells with two
ﬂmﬂnwpmﬂhmmshnnandﬂnmﬂ.am
the other is longer Either with chioroplasts
(golden) or without, capable of phagocytosis or
not, with or without a layer of surrounding siicecus
plates, sessile or motile, and solitary or colomal
Anthophysa, Chrysamoeba Chrysosphaereila,
Dendromonas, Dinobryon, Mallomonas, Ochro-
monas, Paraphysomonas, Potenocochromonas,
Spumella, Syncrypta, Synura, Urogiena.
Collar flagellates: with single apical flagellum,
around which hes a collar compnsed of fine
cytoplasmic Tfingers. Mostly sessile. May be sol-
ftary or colonial naked or lonicated Without
chicroplasts Eat by filtering suspended bacteria
or other small particles Codonasiga. Diploeca,
nptﬂm Monosiga, Pachysoeca, Sphaer-

w Cryptomonads: rigid cells with
two flagella ansing within an antenor depres-
sion. The depression is lined with ejectisomes.
Either with chloroplasts (off-green, orange, blue-
green, red) or colourless (n which case osmo-
tropluc). Clwlomonas Crypiamonas Cyranormonas,
Gomomonas.

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

and feeding 15 by means of one or many radiating
arms (= mouths). each of which 1s equipped with

holding extrusomes at its tip. Acineta, Dendro-

cometes. Podophrya, Tokophrya Tnchophrya

groove; the other passes longitudinally, often
trailing behind the cell Rounded May occasion-

ally be drawn out into spines With (crange or

Eunglenids: small to medium-sized cells with (usu-
ally) two flagella ansing in an antenor
pocket, both, one or none of which may emerge
Mbrmmmmnrqhqu or squirming, Bod

ahumm}sinnemuukh.mddesm&nmdhﬂt—
ozoa (among others) produce flagellated or
gamsms as part of thetr life cycle.
Pedinellids: cells with a single apical flagellum
Usually with a stalk, although they may swim traik

amnwh:chmaybmmdmunem@tm
food. Actinomonas, Ptendomonas, Ciliophrys.
Pelobionts: amoeboid cells, Lmallywﬂhnsmgh,

Mastigamoeba,
Mﬂm&ﬂatﬂmamgle lagellum



" #hat has a tight basal collar. Live in colonies sup-
poned by globular mucus. Eat bacteria. Phalan-
stenum.

Pseudodendromonads: Biflagellated cells The two
smilar 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: hiflagellated cells living in col-

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

Actinophryid: heliozcan body form. Arms taper
from base to tip. Two genera only. one has a
single central nucleus, the other has a layer of
nuclei underlying & layer of vacuoles Actino-
phrys, Actinosphaenum.

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

Desmothoracids: 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 hfe cycle. Clathrulina,

Hednocystis.

Diplophryids: cell body enclosed in a delicate or-
ganic shell With two tufts of fine pseudopodia
emerging from opposing ends of the cell and
with one or more large orange lipid droplets
From organically ennched 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 lac-
ultative pathogens Acanthamoeba, Amoeba
Astramoeba, Cashia, Chaos Cochliopodium,
Hartmanella, Mayorella, Saccamoeba, Theca-
moeba, Vannella.

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

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

VYolvocales: flagellates with two or four apcal fla-
gella. Most species have a bnight green chioro-
plast contamning chiorophyll b. With nigid cellulo-
sic wall Often forming rounded, swimming
colomes. Brachiomonas, Cartena, Chlamydo-
monas Chiorogonium, Esdonna, Goniurmn, Haemato-
coccus, Pandonna, Polyoma, Polytomella, Volvox.

50 ym), with eruptive bulging of the pseudo-
podia. Includes facultative pathogens. Naegieria.
Leptomyxids: naked amoeboid organism, with

cytoplasm fornming anastomosing channels. Lepto-

myxa.

Nacleariid filose amoebae: with thin pseudo-
podia, usually ansing atany 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. Nucleana, Pompholyxophrys, Pin-
aciophora.

Others: there are numerous amoeboid organisms
that have yet to be properly described Those
least studied have very thin pseudopodia, either
beanng extrusomes (Gymnophrys Biomyxa
Microcometes, Reticulbmyxa) or smooth (Be-
lonocystis, Elaeorhanis) Some large, shelled
species (Allelogroma, Gromia, lueberiashnia)
may be related to marire foraminifera and are in
need of further study.

Pelobionts: typically amceboid orgamisms 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 Mastgamoeba Mastigella Pelomyxa.

Testate amoebae: amoeboid orgamsms with a shell
of organic matter, or adhering particles around
the body. Pseudopodia emerge from one or two

Yampyrellids: latened amoeboid -:urgammm with
cell marging giving rise to numerous very deli-
cate pseudopodia. Often eat algae or fungi, and
often orange 1n colour, with a granular texture to
the cytoplasm. Arachmua, Vampyrella
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are listed under Flagellates' (above). Mostly uni-
cellular organisms are included here, but many
algae are mulncellular.

(1) Diatoms: with a sibceous wall and crange or
golden chioropiasts Filamentous or solitary,
motile or immotile, centric (pill-box shape) or
pennate (cell with discrete poles). Melosira
Nawvicula, Nitzschia, Pinnulana, Stephanodiscus
Tabellana.

(i) Green algae (Chiorophyta): cells with cel-
lulosic cells walls and bnight green (chiorophyll
b) chloroplasts With a nch variety of shapes (e.g.
coccoid and filamentous). Closterium, Eurast-
rum, Hyalotheca, Micractumum, Micrasternas,

Mougeotia, Spirogyra, Spondyilosium.

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

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

serpentne _Hlldlng 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

surface, away from the anterior end of the cell
(v) Tardigrades ngid bodies with an exo-
skeleton made of a number of articulating el-

ements With eight stubby legs ending m
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 orgamsm you are looking at At the end
of the option, you are adwised to go to another step.
There you repeat the process. continuing until you
are provided with a generic name instead of being
directed t0 another step. An illustration i1s provided
so that you can check whether you have the correct
oTganism.

Unfamiliar objects can only be understood with
the acqusition of new concepts and new terms
Thus, successful use of the key will involve a leamn-
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 (peculiantes of individual
cells). A good example of the need for careful ob-
servation occurs where the key asks if the cells
swim or glide. 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 orgamsms 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
8-1000 ym in length. PROTOZOA. Some basic types are illustrated in Figs 1-3.
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Protozoa are divided info three major morpholog:-
cal types: flagellates (Step 2), amoebae (Step 72)
and cibates (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 1o be found i
eukaryotic cells Ciha and flagella are difficult to
see, especially if only bnight-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) m number. Cilia are more numerous and
relatively short

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

pseudopodia. Protozoa squashed under a coverslip
may become distorted; again care must be taken
not 1o mistake the distortion for pseudopodia.

Protozoa that are not very motile may easily be
overlooked Some amoebae, especially those that
are shelled (testate or loncated) withdraw thewr
pseudopodia Naked amoebae may adopt a rachate
floating form (Fig. 142) f disturbed. Heliozoa (Figs
I(e) & (f), Step 187) have stuff radiating arms and
often appear inactive, although, in fact, they move
very slowly. Trophic suctona (Fig. 3(d), Step 195)
are attached They are a kind of ciate, have stff
arms and do not move at all

General guides to protozoa include Sleigh (1989),
Lee er al (1985), Margulis ef al. (1990), Kudo (1966),
Stwreble and Krauter (1981), and Grassé (1952, 1953,
1584). 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 orgamsms are about the
same size as protozoa (8-1000 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 (bactena and blue-green algae) and
eulkaryotes 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, T). Barely motile and
non-motile algae include ceninc diaioms (Fig. 8),
desmids (Figs 8, 10 & 11), and some coccoid eukary-
matmnama{ﬁa. Izj.llbq-gmeuqlttmgm-
ganisms include sulphur bactena, often with pink,
refractile inclusions (Fig. 13). Smaller metazoa (ani-
mals, Fig. 14) with ciba, such as rotifers (Fig. 15),

gastrotrichs (Fig. 16) and flatworms (Fig. 17) may be
confused with ciliates Most can be distinguished
from protozoa becausé they have a discrete gut or
muscular pharynx. Other small metazoa include the
nematodes (Fig 18) and tardigrades (Fig. 19)
Further miormaton on these groups may be found in
the fo general accounts: Streble and Krauter
(1981), Ward and Whipple (Edmonson, 1969), and
Pennak (1989), for bactena. protists and small in-
vertebrates, bactena are reviewed by Starr ef 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 Kernch et al. (1978) review the
avallable mveriebrate idenbfication guides
Specific accounts of rofifers are found in Pontin
{1978), and flatworms in Young (1970, 1972).




cal types flagellates (Step 2), amoebae (Step 72)
and cibiates (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 1o be found i
eukaryotic cells Cilia and flagella are difficult to
see, especially if only bright-field optcs are avail-
able (see methods, p. 13). Flagella are as longasor
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@~ & 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 s needed 1o distn-
guish fexibility from the capacity to produce

pseudopodia. Protozoa squashed under a coverslip
may become distorted. again care must be taken
not 1o mistake the distortion for pseudopodia

Protozoa that are not very motile may easily be
overicoked. Some amoebae, especially those that
are shelled (testate or loncated), withdraw their

ia. Naked amoebae may adopt a radiate

floating form (Fig. 142) f disharbed Heliozoa (Figs
1{(e) & (), Step 187) have suff radiating arms and
very slowly. Trophic suctona (Fig. 3(d), Step 185)
are attached They are a kand of ciliate, have stff
arms and do not move at all

General guides to protozoa include Sleigh (1989),
Lee et al (1985), Margulis et al. (1990), Kudo (1966),
Sureble and Krauter (1981), and Grassé (1952, 1953,
1984). For quidance on the ecological iterature, 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 vanety 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

bere. Organisms thal! may cause confusion include

vacuoles) inside the cyloplasm. If coloured and

ghding, 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 centnc diatoms (Fig. 8),
desmds (Figs 9, 10 & 11), and some coccoid eukary-
uticmalgne{ﬁq. 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. 15),

gastrotrichs (Fig. 16) and flatworms (Fig. 17) may be
confused with ciliates. Most can be distinquished
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 bactenia, protsts and small in-
vertebrates; bactena are reviewed by Starr et al
(1981) and Holt (1984-1989); biue-green algae are
discussed in Bourrelly (1970), and diatoms in Barber
and Haworth (1981) and Round et al (1990). Sims
(1980a & b, 1988) and Kernch ef al (1978) review the
avallable mveriebrate identification gumdes
Specific accounts of rotifers are found in Pontin
(1978), and flatworms in Young (1870, 1972).




ALL SCALE BARS 20 ym UNLESS OTHERWISE INDICATED

Figure 4 Cecillaiona. A flamenious blue-green alga or
cyanobacterium. Pholosynthetic pigments include phyco-
biline, which give these prokaryotic organisms their chas
acterisuc blush tinge As bactena these algae have no
internal organelles The filiments are comprised of many
doc-shaped cells jomned end o end The cells can ghde
Some (lamentous biuve-green algas have occasional
swollen cells, called heterocysts. Differential inferference
confrasi

Figure 8 Pennate distoms This photograph shows a
nimber of species (see also Fig 6) Diatoma have chloro-
plasts with chiorophyils 8 and ¢, giving them a golden
colour. The most numerous organism (1} m thas pholograph
B Nowculs, and the smalles one i3 Niescha (2} The
maperry of pennate dEtoms assooated with soft seduments
adopt this boat shape and hawve thin grooves (raphes) running
down the cenires of the flal (aces of the shell or frushile.
They are typically motile. A non-matife pannate diatom is
ilhustrated in Fig 7 Phase confrast

Figure 6§ Pinnulana. A pennate diastom. Dwatoms hike this
(see also Fig 5) are common in soft secimenis They have
golden chioroplasts (1) The cells are enclosed within &
silicecus shell or frustule. which s sculpted with ridges
grooves, atrd lines or holes. These appear as striae (Z). The
raphe (3) 1§ involved in motion, as these cells can glide
slowly across the substrate. Also evident are ol droplets {4),
which are used as an energy reserve, and the central
regnon houses the nucleus (5) Phase contras?

Figure 7 Taballana A colorial diatom with 8 sculpled (sl
icecus] cell wall (12 The enciosed golden chioroplast (2)
bebes the prosence of chicrophylls 3 and ¢ The cells are
oimed ogether at theda comers and are usually plankiomc
Phase contras!




Figure 8 Sephanodescus A plankome centne distom. The
cells are sobitary, and have a milbox-hike sppearance. The
lower cell is seen from the sde. the vpper cell from end on
The margins of the valves grve nse o ong orgarc hams (1)
These may recuce sniong rates thereby munemmng the
demands on the ensrgy bedget from the fotahon system
The upper call s parasit=ad by & numbey of chytnds (2)
Bageates that are relsted to the tue fimgn. Phase contras?

Helge Thomsen )

Figure § Eurasimun (1) and Micrasierias (2) Green algae
Like other chiorophyles they have a ngud exiermal wall
made of celluiose, and bnght green chioroplasts wiach
contam chiorophyll b These desrmuds have no flageila, b
are capable of a very sliow movemen! They are the same
s a5 many motls protsts and are often encountered
using the samphng and observation Wchniques smpioyed
for protozea Most desmads look: lilee two mirror-image cells
jomed together Differental interference contrast (Photo

Figure 10 Closteriurn. These crescent-shaped cells are de
smuds (see also Fig 9) Desrmcs are & type of green (chloro-
phyte) alga, shanng with other green algas the presence of
an external cellulosnc cell wall and chioroplasts with chiore-
phyll b Like most desmids, they Jook as o two murror- emage
calls are oined logether. They may move very siowly
Some pennate distoms can be seen in the background
Differential merference contrast (Photo Helge Thomsen )
(Scale bar 100 pm.)

Figure 11 Filamentous algae This photograph & included
to ilustrate sorme of the genéra of green ajgaes (chlorophyil
b and cellulosc cell walls) that adopt filamentous strateqes.
The central short Hamen! of dumbbedl-shaped colls {1 =a
desmmd (see Figs 8 & 10) called Spondylosam. Above tisa
green flament (2) called Hyalothecs enclosed in a thick
ransparerd sheath Townards the botiom = a Eament of
Meooectia (7). the laments of wiuch par up for comugaton
(as do those of Spirogyra) o give a widely spaced oriss-
cros= appearance Fhase confrast




Figure 12 Micractinum A planidonic green alga Likee
other gresn algae. they are binsght green becaise they have
chioroplans tha! contain chlorophyll b They have ool
hilomc coll walls The cells are not flagellated and are
non-motie. The walls are drawn out as long threads, as s
ofén the case with planidonic protsts (see Pig 8) This
organist o incloded becsuse confusion with hebofos o
possible. Phase contrast

Figure 13 Filamentous bactena Included are a motile. Jex-
ibde. spiral bacterum (1) some coloutless rod bactena (2)
and rwo lands of Eamentous sulphur bacteria (3 & 4) The
sulphur baclena are distngueshed by the presence o re-
fractle gramues of suiphur that have been depostted wihm
the cells These organisms hive & environments that cottaim
free hydrogen sulphide (smelling like bad eggs), wach
they omodize 1o produce elemental sulphur. The milpha i
deposmted within the body. Filamentous sulphur bacteria
can usually ghde. A-pennate distom (5) 8 present Phase
contrast
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Pigure 14 Some types of metazoa (animals) which may be
under | mm in length and which may be confused with
protosoa: (a) gastrotrich; (b) fatworm (platyhelminth) (c)
nematods: and (d) rotifer

Figure I8 Honfer Hotifers are metazoa and are often in the
s Sire renge as ciliates with which they may compete
Rotifers have anterior aggregates of cilia, uweed n the collec
tion of bbod; the iood = then passed into the gut via two stout
grinding plstes called the mastax Most rotfers hawe a
postenor adhesive podite (2] The gemus lustraled (Squar
inefa) & planitonc The antenior end of the call i arypacally
developed mio a sheeld-hke structure (1) Phase contrast
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Figure 18 Gastroinch Gestroinchs are a gioup of poorly
undersiood metarna Most feshwater speces are very
small Their sze ranga overlaps that of ciliates with whach
they can be confused because of the cilia and spines (1)
Gastrottichs can be dstinguished by the rwo adhesive
struchues al the postenor end of the cell (2) and by the
presence of & dscyete pharynx (3) They wsually ghde
rather than swiun Phass contrast

Figure 17 Flatworm (Flatyhelminth) The Oaiworms re-
semble some cilates n that they have pliabks bodies and a
surlace coating of cba [k can sometimes be difficull o
distinguish thess metazoa om cliates as they may be m the
Same sre range and because the boundaries between the
componen! cells are psually not easy o see Flarsomms
rarely swium. tending o glide against the substtate The
presence of a discrete pharyma (1) eyes (2L gut (3) other
mternal crgans (4, 5] or msculsr withing of the body heldps
o disnncuush thess olgaresms as mestasna Arsgihr fSedd

Figure 18 Nemads Nemaindos are axipemsaly COMmon
and widespread metarma. Most nemaindes have & long thin
shape and & shightly bhunt amtenor end (1) They are rather
stifl and can mowe either by wiithing (lashing) or by glading
through the substrate. At hiohsr magnificalions, a srong
muscilar pharynx can be s=en near the front, and egg-
bearing ovarnes near the back end (2l Phave contrast
(Scale bay 100 pm j

Figure 18 Tardigrade Tardigrades (or water bears) are
charactersuc of ‘lemporary puddies mosses, eic (they
have remarkable atwhnes to withstand democabon) Tard:s-
grades aré metazos that overlap i si2e with profozoa, buat
they are easy o distinguish from the prologoa Tubulsr
pharynx (1), stylus (2) socidng pharymx (3), eyespol {4).
claws (5), intestine (€), clEw muscies (T), cioaca (8). D
lerenmal interfarence conirast




A Cells with flagella.

Flagella are usually parallel-sided structures, about
0.5 um 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 is as long as the cell, l’s‘pmllﬂﬂﬂ!tuhum
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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), suctoria (Fig. 3(d), Step
196) or heliczoa (Figs 1(e) & (), Step 188). Some
types of flagellate shed their flagella if squashed

THE FLAGELLATES GOTO3

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

Some flagellates can produce pseudopodia, usu-
mmmmmmumw

with chloroplasts are usually called algae and Bour-

relly (1968, 1972, 1985) provides
guides to the pigmented flagellates and 1o 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 Héanel (1979), Starmach (1880) or Larsen
and Patterson (1990). Prescott (1878) deals more ex-
clusively with algal flagellates,

GOTO 72
badly or disherbed. This particularly apphes to dino-
flagellates (Step 67) and euglenids (Step 61). Some

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

R Cells that are 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. Mast of the
attached flagellates eat bacteria, Le. they are bac-
terivorous. Some flagellates do not secrete a stalk,
but attach themselves temporarily to the substrate,
using the postenor of the cell eg Ochromonas

(Step 68), Paraphysomonas and Spumeilla (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 temporanly 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 it.

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

GOTO 18

fungi, shme moulds (Fig. 20), and amoebae may also
be encountered.




Figure 30 Ceratomyxa swanmers CerationyisE 18 a shime
mould, the trophic stage of which is amoeboid (plasmodial).
The crgamam also produces aggregaies of cysts on the np
of a stalk, & trait not dessyrmlar 1o that of some fungn: it 8 rom
mmmmwmmmm
sigaiisens are capable of URNEOIMING N0 Nagellalen
svarmers’ which have |4 Bagella (1) Both cells illustrated
have a single fiagellum; this inserts &l the apex of the cell
and appears atiached fo the nucleus (2). Food vacucles (3)
contain baciera, incicating that the swarmers feed The
contractile vacuole complex (4) usually occurs at the post-
enor @nd of the cell. This has been included to show that
jproloroan-iike cells may simply be one stage in the life
cycle of another croaniem These swarmers are mos! hikely
10 be confissed with some mastigamoebas (see Fig B6)
Phase contrast

A Cells that occur singly or in irregular groups.

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

B Cellsliving in colonies.

A Cells without chloroplasts.

B Cells with chloroplasts.

The chioroplasts 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)
{Hf'igﬂﬂ 118, 126, 129 & 132 for a comparison of
these colours). Among other coloured inclusions
are; eyespols or stigmata (usually red or orange);
endosymbiotic algae (green or blue-green), or partly

GOTOB

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

GOTO 12

GOTO17

GO TO 6

digested residues of food. A common problem with
s0me micToscopes is chromatic aberration, as a result
of which refractile particles may appear to be
green This is more evident if the condenser ins is
closed or the condenser lowered To establish
whether coloration s natural, the microscope should
be set up for optimal illumination (see Introduction),
and all mses opened. Chromatic aberration will
then be minimal and, if present, photosynthetic pig-
ments only will be seen.




A Cells with a ring of fine stiff tentacles around the single anterior flagellum. The flagellum beats witha
sine wave in a single plane. It draws a current of water towards the unanached end of the cell With a thin
stalk, and six golden chloroplasts. Mostly 10-20 um. TFig. 21 mm

There are several genera of pedinellids with chior- Whmmmiﬁudaﬂ.hmmhe
oplasts (Bourrelly, 1968, Zimmermann ef al 1984). withdrawn For colourless relatives, see Step . 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 ina slight arc; the
nmndurhﬂmlﬁn._lhﬂnﬂmhﬂmhﬂﬂrﬂﬂm
POTERIOOCHROMONAS
OCHROSTYLON (not illustrated)
Ths step leads to sessile chrysophytes with golden
or off-green chioroplasts For a more complete ac-
count of these orgamsms see Bourrelly (1968) or
Starmach (1985). Potenoochromonas is attached to
the substrate by a delicate secreted lonica; Ochro-
stylon by a thin thread drawn out from the posterior

of the body.
Chrysophytes mciude some species with chloro-
pkﬂ.andmewuhm‘l‘hemmmm

singly or in pairs (Fig. 23). There 1s usually a small
stigma or eyespot in one plastid, although 1t may be
very difficult to see. Many species, including those
with plastids, can ingest particles of food, Le. they
are mixotrophic (see Sanders in Patterson and
Larsen, 1981) Chrysophytes include species that
are colomnal (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 bicosoecuds (Fig 32) and brown
algae (see Green et al, 1989) 22
Chrysophytes have a long and a short (sometimes
absent) flagellum: the long flagellum bears suff hairs
which are invisible by ight microscopy. The action
of this flagellum draws a current of water towards .
the body surface. Most species are small (5-10 pum
long). Many form flask-shaped siliceous cysts witha
small pore for egress (stomatocysts: Fig 24). Some
swimmung species (e.g. of Paraphysomonas. Figs 28 '
& 101) temporanly attach to the substrate.
Gudes 0 genera and species may be found in
Bourrelly (1968), Starmach (1980), and Patterson
and Larsen(199]1) The general biology 1s discussed
by Green ef al (1989) and in Patterson and Larsen

(1991), k_‘_,_

31
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Figure 23 Polencochromonas A chrysophyie (chryso- Figure 3¢ Dmobryon A oolonial chrysophyte Esch cell
monad), most of which age, like this species. very amall The has two flagella, of which one i short and one long (1), Near
cells have two flagella which insert near the apex One the antenor margin of this cell 15 a dark, refractile droplet,
fagellum is relatively long (1), but the other is much shorter the stigma or eyespol The cells have golden chioroplasts
(2} and tends 1o flop back over the body. The beating of the and live within vass-shaped organic lorica {2), attached o
fBagellum draws & current of water along it jowards the cell each other o give the fan shape o the colomes When
The cell coniains a single, curved, goiden or orznoe conditions are no longer ideal the cells encyst within a
(chryso = golden) chloroplast (3) Most species in this ailiceous stomatocyst (3), whach has a plugged aperture for
genus are mixotrophic. ésting bacteria as well as carrying excysment Attached to this colony are a number of small
ot photosynthesixs the presance of food vacuoles comaim- colourless chrysophytes (4). Differental imerference con-
ing bactens (4) 15 evidence of this Folenoochromonas 1= trast
very like Octiraimonas, but differs in its ability to form a very
delcate. long, stalked. eggrup-like lonca (5) m winch the
cells wually sit Phase conrrast
A Cellswithout evident covering. GOTOEB
B Cells mostly enclosed with a covering (lorica or test). GO TO 10

and swim. 5-10 ymlong.
Figs 25 & 69 BODO SALTANS
(PLEUROMONAS JACULANS)

Bodo saltans (= Pleuromonas jaculans) is a bodonid
(Step 2T). There i1s some debale as to which 15 the
correct name for this organism B saltans, which has
been descrnibed in detail by Brocker (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 inserned along-
side the second shorter flagellum.




B Cells notattached by flagella and without the lacking movement. GOTO®9

A Cellswith 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 projectng
from all parts of the cell (Larsen, 1985). The body
measures 5-20 ym in diameter. A second genus,
Preridomonas, has arms only around the flagelium,
and is more common In marine sites (Larsen and
Patterson, 1990; Patterson and Fenchel, 1985). Para-
physomonas vestita (Figs 28 & 101) iz a chrysophyte
coated with a layer of spines It may sometimes
aftach to the substrate, and can be distinguished
from pedinellids because it has two flagella of un-
equal length.

Rt
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Ficnure 27 Actinomonas The cell body (1) 5 pomtlorm
{apple-shaped). From the postenor end emsrges & sialk (2)
with which the cell may attach lempaorarily o the substrate.
More ussally, it will swim in lacy circles with the stalk
trailing behind. A single (agellum {4); beatmg with a planar
=ine Wave, emerges af the antenor end of the cell Around
this project stifl arms (3) which bear small granules (ex-
irmomes). The cells are filler feedess, driewing & current of
waier through the arms Particles are then trapped against
the arms probably by secretions released from the ex-
trosomes The arms are withdrawn when the cells are
samming Phase contrast

ALL SCALE BARS 20 ym UNLESS OTHERWISE INDICATED




and widespread genus of © Maost
chrysophyles have plastids (chloroplasts) and photo-
synthesize, vedt they can also phagocyiose amall particles
However, this gemus s colouriess and is exchusively &
phagotzoph. It 155 voracious consumer of baciers and other
small particles. Like most chrysophyies, ithasa long (1) and
a short (2) flagelium. The bodyof the cell i coated with very
delicate spicules (of Fig 101) This genus may ot may not
form stalies (3). Phase contrast

Figure 28 Faraphysomonas. This is an extremely common
hrysophyte'chrysomonac

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 2a) & (b) Monosge. Two wiews of ihas solitary
collar lagellate. Species may or may not have a stalic (1) at
one apex; with which they aftach 1o the substrate At the
other apex of the cell is a single flagelilum (2} winch beats
with a sine wave n & saingle pane The best draws a cutrent

of water throogh the collar (4), whech 5 composad of many
fine cyloplasmic fingers. The individual fingers are usually
ot wisible. and the collar s normally only seen in profile, as
two axtensons (3], one on either side of the fagellum. Phass
conirass.




Collar fiagellates are common m freshwatér and
marine environments The cells may be naked, or
invested in an organic lonca or a siiceous case
(manne species only) The cytoplasmic par of the
cell is sumilar in most species, with a body (5-10 pm
in ciameter) giving nise to a single flagellum and the
collar of pseudopodia Genera and species are dis-
ungmshadbﬂhahrmummhrmb?hﬂmgﬁe&-
swimming or attached, by being stalked or un-
stalked, or by being solitary or colonial (see
Patterson and Larsen 1991, Zhukov and Karpov,
1885).

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

aroiind with the flagelluni directed backwards

The collar traps bacterna and s made of very fine
pseudopodia (Fig. 29(b)) which are normally seen
only as two lines, one on either side of the flagellum
(Fig. 2Xa)) Trapped bacteria are drawn into the
cell by a pseudopodium which extends from the
cell body. The bwlogy of the group 1s reviewed in
Patterson and Larsen (188]), and guides to species
may be found in Zhukov and Karpov (1985), Bour-
relly (1968), Ellis (1929), and Starmach (1980) More
detailed descniptions are provided by Leadbeater
and Morton (1974), Hibberd (1975) and Andersen
( 1989)

Compare with Paraphysomonas (Fig. 28).

A Cells with a fine cytoplasmic collar around the single flagellum (see notes after Step 9). The loricais

organic, forming either a thin, transparent sheath or a thick, brown shell around the cell

GO TO 11

Cells without a cytoplasmic collar, living in a vase-shaped lorica, into which they may suddenly retract.

These are two flagella: one emerges beside a slight lip at the top of the cell, and is held in a gentle curve; the
other bends sharply backwards to attach to the base of the lorica. Cells may be clustered to form

pseudocolonies. Typically, the bodies are small (5-10 um long).

Figs 31 &32 BICOSOECA

Figure 32 Broscecs A genes of oolouriess, filler-feedmg
fagellates. The cells have no plastids, and are immotile and
oncated Mostly attached 10 immersed suriaces, bul colomal
forms may be found mispended in the waler column. There
are two flagella, both nssrting near the top of the cell Ooe
(1) curves backwards 1o anach 10 the base of the lonca (7).
‘With smtahle stimuli, thes flageiiom will ‘contrsct’ 1o pull the
cell mio the jorica. The other flageiium is long, baats with a
shallow wave, and draws a current of waler o the cell
surfsce, where paricles camed in the current are inter-
cepied by 5 projecting bp (3) A coniractile vacucle (4).
food vacuockes (5) and the jonca stalk (6) are vimbile Phase

L contrast =




Species of Bicosoeca (often misspel Bicoeca) are
colourless flagellates related to the chrysophytes
They are filter feeders, using the long flagellum to
draw a current of water 1o the body surface. Particles
(bactera) impinge near the anterior hip or shoulder,
where they are then ingested. The recurrent flagel-
lum can contract to pull the cell back into the lonica,
at which point both flagella become coiled

There is only one genus 1n 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 descnbed by Picken
(1941), feeding behaviour by Sleigh (1964), and
identites 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 5-10pm. 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, protruding

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 i1s confused Two geners,
Diploeca and Pachysoeca, were erected by Ellis
(1929), but Salpingveca and Diplosigopsis house
similar species (Bourrelly, 1968; Starmach, 1980).
The bactenum Siderocapsa also forms brown, vol-
canc-like deposits.

Figs 34 & 35 DIPLOECA

Figure 38 Dyplosigopsis. A collar flagellaie. One of several
genera with a brown, thickened test (1} This genus can be
distingunshed from the others (e.g. Pachysoecs and Diploaca)
because there appear 1o be two cyloplasmic collars (2)
around the apical flagellum (3). Often only the test is vimble,
m which case, confusion with the bacterm Sklerocapss is
possible, Thes particular cell s attached o a i

mass prodoced by Spongomonas (Fig. 40), and the long




A Colourless cells.

B Elongate cells (mostly about 10 um long) living in a branching colony of vase-shaped loricae
(10-100 um 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 s a type of mixotrophic chrysophyte 36
(see notes after Step 6) Many of the common

species are described by Bowrrelly (1968), and

some aspects of the fine structure have been descn-
bﬂdbrﬂwmﬁll{lmm:sm;u-
countered as motile planktomic 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 yum in diameter) and located in tabes at the ends of the mucus sheets, and each cell has two

Fig. 37 RHIPIDODENDRON

B Mucus in bulbous masses and with a globular consistency.




A Pear-shaped cells with a single flagellum that emerges through a stiffened collar at the cell apex.
Colonies usually in hemispherical masses. Individual cells about 10 pum long. Fig. 38 PHALANSTERIUM

Only a few species are known, of which one s sad 8
1o be solitary. However, these cells may smply be \
‘seeds’ for new colonies The fine structure has been
descnbed by Hibbherd (1583)

B Small, rounded cells (body about 10 um long) with two flagella. The flagella beat stiffly, and sometimes
have a very shallow basal collar. Colonies may measure hundreds of microns.

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

39

Figure 8 Spoogomonas A colourless fher -feading Saoelabe
that oocurs in bulboos gelannous colomes The elly-likke
matrix of the colony has the =xiure of adhenng globules
Each cell has two projecting flagella, sometmes wilh a
shallow collar around the basss (3} A conmactile vacuole
{4) bes near the base of the cell Diferennal menorence
COTTaS




A Cells in 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 ‘comer’. The
stalks are fairly wide, often with mucus and accumu-
lated debrs around them. Ultrastructure is descn-
bed by Mignot (1974b) and Hibberd (1885). Thereis
a sumilar chrysophyte (see notes after Step 6), Den-
dromonas, which forms branching colonies of cells
bome on stalks The two genera can be distinguished
from each other as the cells of Dendromonas have
thin stalks and the flagella are different n length
Pseudodendromonas 15 related to Cyathobodo (not
tlustrated) which is solitary, but may also secrete a
stallk

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

41

Figures 43a) & (b} Psevdodendromonas A colourless et
feading flagellate that typscally oocurs in 4 fan-shaped
colony. The cells are borne on a branching stalk systemn (1)
o wiach organic mathesy and bacterna may adhere. The cells
b in an arc at the head of the oolony () Each cell 15 heid
withn a vase-shaped forica (3) and has rwo Qagells (4)

Fseudodendromonas may be confused with Dendromonas
each cell of which also has two flagella (but they are very




!!ﬁ A The flagellum of each cell is surrounded by a fine cytoplasmic collar (collar flagellates: see notes Step
[ m 9). The body is 5- 10 um in diameter, and the stalk is firm. Figs 43 & 44 CODOSIGA

One species i1s described .in detail by Hibberd

(1975). and Leadbesater and Morton (1974). The

genus has also been referred to as Codonosaga. For
n species laxcnomy see notes after Step 9

. | 3 ; .
1. :'_(.-ﬂ b
1 3 \
. ——
! __ﬁd__,"'.-#"'ﬁ_. Figure 44 Codosiga A stalved colomal sessile coflar fla-
| b gellse The cells are borme as a cluster &t the end of a farly

broad suff stalk (1) Each cell has a sngle, lohg apical
i fiagellum around the base of which s a cyloplasmuic oollar
| (3). The Sageilum creates water currents which are drawn
'I up through the coliar, creating forces that tend 1o push the
cell towards the substrate. The stalk s theck o prevent
compacton (cf Pasraphysomonas, Fig 28) Nucled with a
: central mciechss (4), food vacucles (5) and empty-loolkang,
| basal contractle vacuoles (6] are evident Difsrential infer-
! lerence contrass

B Nocollar around the flagellum/a. GOTO18

W ALL SCALE BARS 20 pm UNLESS OTHERWISE INDICATED




A Cells ocomrring 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 colouriess near the cells. The cell bodies measure 5-10 um in diameter, and there are two
unequal flagella The colonies may anach 1o debris, vegetable matter or to the air-water imerface.

A wvegetans is described in detail by Pringshemm
(1946) and by Belcher and Swale (1972). The

species is a chrysophyte (see notes afler Step 6).

Figs 45-47 ANTHOPHYSA

- ==

Figure 48 Anthophiysa (see Fig 47) Thas isan won lacgeliate
and a chrysophyte B akes the form of branching {arbores-
cent) colomes. uwsually adached at the broad end © the
substrate of hanging from the water -air merface They are
called ron fagellstes because the organsc maner of the
galk (1) scoumulates metal salts Such &S OR and man-
ganese, giving them their rosty colour The cedls are arrsnged
in small sphencal clusters (2) al the ends of each of the
branches They can ocour i large numbers, turmung surisces
brown. Differental mterference contrast. Scale bar 100um

Figure 47 Anthophysa (see Fig 46) [lustrated 15 & singie
chemer of oells that has bagun the process of producing a
stalic The younQest part (1) of the salk & sdacent © the
colony, # = hghtest m collour became i has absorbed caly a
small quantity of metal salrs The cells are drawn out where
they aftach 1o the salke Al the opposite end, each cell has
two unequal Sagedfis (2= do afl clrysophyies) emeging
from a shght dample Differental inverference contrast

41




B The stalk isrigid, colourless and unbranching. Cells 7-15 um long. Fig. 48 CEPHALOTHAMNIUM
A colonsal bodonid (see notes after Step 27), descn-
bed in detail by Hitchen (1974), each cell isattached

to the common stalk by one recurrent flagellum. The
cells may occur as epizoites

A Caells forming colonies.
B Celis not forming colonies.

A The colony is a spherical ball of colourless cells, held together in a mass of mucus. Eachcell hasa
singie flagellum, around which projects a fine cytoplasmuc collar (collar flagellates, see notes after Step 9
above). The individual cells are small (body 5-10 pm in diameter). Figs 49 & S0 SPHAEROECA

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




B The celis of the colony contain chloroplasts, so the colony has a green ar golden colour.

A The colony is golden (colonial
colonies, although Dinobryon

Most of the planktomic colonial chrysophytes have
siliceous scales (Le. 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-

GoTO21

chrysophytes: see notes after Step 6). Most take the form of spherical
colonies (Figs 24 & 36) are feather-shaped.

GOTO22

fied (see Andersen (1986a, b) Kristiansen (1975),
Knstiansen and Andersen (1985), Moestrup and
{Andﬂ:m!m in Patterson and Larsen (198]), and Wee

B The cells of the colony contain bright green chloroplasts (i.e. with chlorophyll b). The colonial

volvocids.

Solitary or colonial motile members of green algae
are here referred to as volvocids, in accordance
with the protozoological literature (e.g Lee et al,
1985). The phycologcal hterature may differ. The
number of cells in each colony usually helps to iden-
tify organisms o genus. The number ranges from
four 1o thousands, and the size of the colony from
20 um o over a mullimetre. Colony colour ranges
from a pastel to a deep green. Each cell isngid, asa
cellulose cell wall is present The cells are usually
embedded in mucus through which flagella, usually
in pairs, protrude.

The volvocids are an ecologucally successful group

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 stgma
and pyrencid 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 ldentfication
guides by Bourrelly (1572). Pentecost (1984), and
Prescott {1978). O or two genera lack chioropiasts
(Figs 83-95).

A Cells (5-15 pm) without scales and in gelatinous colonies up to 150 ym 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 ks common Syncrypia, but in that genus the
colomes 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-hke extensons of the postenor end. As
with most chrysophytes, they have two flagella of
unequal length. two chloroplasts, and a stigma lying
outside the chioroplast Stuches have been conduc-
ted by Owen et al. 1990b (see also Hibberd and
Leedale (1985), and notes after Step 6).




Sl

Figure 82 Urogiena A sphencal swimming colomal chrys-
ophyte. The form of the colony resembiles that of some
colonsal green algae (e.g. Fig 61) The individual cells are

ogether, The mxindual cells have golden chioroplssts (1)
and rwo fiagells of unequal ength. (of Fig 53) Diferential
inferference contrast

B Cells with scales and/or spines, not obviously embedded in mucus. GOTOZ23
A Each cell with a coating of scales and spines. Cells 5-20 ym long. Fig. 53 CHRYSOSPHAERELLA
B Each cell with scales only, cells normally 15-40 um long. Figs 54 & 55S5YNURA

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
(1884), and Schnepf and Deichgraber (1968), andof by electron microscopy of scales see Starmach
Chrysophaerella by Asmund (1973), Nicholls (1980) (1985).




Figure 58 Synura. Thus is a swimming, sphencal colonial
chrysophyte It resembles Uroglena (Figs 5] & 52). but this
oolomial form has evelved independently among those
chrysopivyies that have siliceous body scales (1) The cells
adhere o each other at their postanior ends. Two flageila (2)
of unequal length emerge from the unattached end of the
cell. which has golden chioroplasts (3) Differental mierfer-
ence conirast

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

For taxonomy see notes to Steps 21 & 25

B The colony is spherical GOTO25

A Eachcell is relatively large (up to 20 pm) 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 lﬁmﬁthiudmr,m Srm

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 um in diameter, but colonies can be
larger than 1 mm. Figs 58-60 VOLVOX

There are several other genera of colomial vol- genera that form spherical colomies They vary with
vocids: Platydorina colomses are flat and lessregular  respect to the number, size and arrangement of
than Gomum. Eudonna (Fig. 61) 15 ke Pandonna cells, the number of flagella, and the shape of the
(Fig. ST), but the cells are usually more numercus colony. Fuller accounts are given by Bourrelly
(32) and do not touch. There are a number of other (15972) and Eni (1983)




Figure 58 Volvex (see Fig 60) A chiorophyte that forms
large colonies (up to several millimetres). The cells (1) are
ambeddad in a gelabnous matrie. [rom which project the
fingedls (2) that prope| the cell Daughter oolonies develop
within the parental colomy, and can be seen as brighies
green nchimess (3) They break free by ropiomg the
murisce of the colony Doferental merfsrence conimast
Scale bar 100 pm

Figars 80 Vobox A detail of the moriace of the coiony (see
Fig 38 The mxEvicdual oalls (1) embedded o the gelatnous
mairx may be ssen behnd them are the shohtly daroer
spheres of daaghter colonies (2) Each oell has a chior
plast Flagelis sre not vasible Deferental mterference coo-
frast

Figure §1 Epdorma. A oolonial motle chisrophye Ooe of
the most evacdent acapires traits withan the swommang chion-
phytes has been the ewiuton of moiils colome=s Such
colomes may ake the form of fiat plates of cells (Gonm), a
ughtly packed cluster of cells (Pandornna) or. as here cells
more loosely aggregated within a gelatnous matnin. Each
oil has two flagells (1) which propect through the meatrix (2)
The celis are arranged in five cocumierential bands: two
bands of four cells each and three of eghy cells. Phase
fmlif o




A The cells 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
flagellum/a trail/s against the ground and one (at

B Cellsthat normally swim rather than glide.

Care s 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 shouid be left for several mintes
for such cells to settle. Some flagellates that normally

SWIm may come o rest against debris in order to .

A Small cells (less than 10 um) with a single trailing flagellum and what appearstobe a

‘nosa’.

The nose' contains a cytostome (mouth) and 1s sup-
ported by a short flagellum. It is pressed against
individual baciena before they are ingested Des-
crbed in detail by Swale (1973) and Burzell (1873),
Rhynchomonas is easily confused with another glid-
ing flagellate referred to as Amastigomonas (Patter-
son and Larsen, 1991) or Thecamonas (Larsen and
Fatterson, 1990), which has a parallel-sided snout
and a trailing flagellum that 15 rarely seen.
Rhynchomonas 5 a bodonid flagellate and is
closely related to trypanosomes (both being Kine-

GO TOS54

GOTO:Z28
least) 1s 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 sobd substrate and ghde
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

bulbous
Phsﬁﬂ&-mm

———

Figure 83 Rhynchomonas A commoa bodonid Bagellate It
= not typecal of the group as only one flagelium (1) =
obwvious. The (postenior) flageliom = thicker near the cell
body than it is a1 the tip because of 2 paraxial rod thal bes
alongside the axoneme o the anterior part This iz a
common featire of many bodonids and may be ussd as a
‘rale-of-thumb' to identify members of this difficult group.
The second flagelium of which 2 small portion may be seen
here (2), supports the snout The snout (3) confamns the
oytostoms and wobbles from side o side as the cell moves
aCross the substrate Phase confrast,

are




toplastids). Unlike trypancsomes, bodomids. have
two flagella and most are free-living Bodonids are
typically very small (rarely larger than 15 pm), and
species in particular are extremely difficult to dis-
hngmsh,hlcﬂth)thnuhghdenrmpacmssﬂ:e
ﬂvetybehnd!bueﬂ{hﬁseeﬂaﬂ&mlﬂmﬂtepﬁ].
The postenor part of the trailing flagellum 1s 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 prnise individual
bactena from the substrate.

Identifying a small (less than 15 pm) flagellate as
a bodonid 1s rarely easy, as the diagnostic feature,
the kinetoplast (a mass of DNA in the mitochondrion),
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 possibile
with small euglemids (Figs 82-84); euglemids can
usually be distinguished because the posterior
flagellum 15 rarely prominent and the antenor
flagellum is 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 ef al. (1979) and Patterson and Larsen
(1991). Species descriptions are given by Hénel
(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-
tigells). 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 Cellswith two projecting flagella.

B Cells with one projecting flagellum.

Figs 85 & 86 MASTIGAMOEBAE




A The cells are very flexible and sometimes amoeboid. The anterior flagellum has a stiff

motion, and the posterior

1 sweeping
to the body surface near its insertion. The cells are usually, but

not always, less than 15 um in diameter, with very pliant bodies from which pseudopodia may emerge.
The body may be drawn out along trailing flagellum, or as strands from the posterior end of the cell. The

posterior flagellum may be thicker for its proximal (first) half.

Sometimes referred 1o as Cercobodo, this cell is not
a bodonid, but is related to the common soil flagel-
late Heteromita and a manne flagellate Massistena
{Patterson and Larsen, 198]) Cercomonads tend to
form pseudopodia when feeding, a feature that
- helps distingush them from bodomds (Steps 28 &

Figs 65 & 66 CERCOMONAS

32), and the cytoplasm may contain granules The
cell bodies have small extrusomes (Mignot and
Brugerolle, 1975, Schuster and Pollak, 1978) Some
confusion may also occur with the amoeboid Mas-
ngamoeba and Mastgella, both of which have a
single flagellum (Step 38, Fig 86)

B The cells are not amoeboid, but they have a distinctive shape, and they may or may not writhe,

GO TO 32

Ay




many ultrastructural features in common. The body euglencid motion) (Suzak: and Williamson, 1986a &
surface is fluted, folded or grooved because of under- b). Euglenids are related to bodonids, “and the
lmmmtmemmhmm&mﬂmghﬁmmmmm
light microscope, Figs 120 & 121), and most larger niches similar to those of bodonids.
phagotrophic species can writhe (metaboly or

A Cellbodyisnotrigid. GO TO 34

B Cellbodyisrigid. ' GOTO35

A mmammmﬂamﬂwmmm-m
Figs Mﬁ%&

Patterson and Larsen, 199]) 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. T1; 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
occurTing near the tip. Extremely careful observa-
tion is needed to detect the second flagellum, which
lies in & slight groove in the ventral surface of the
body (Fig. 72).

ALL SCALE BARS 20 ym UNLESS OTHERWISE INDICATED
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Figaoe 71 Feranema A colourless suglemd which, like
many other coloarless euglemds. does nof readly mwm
but ghdes along the ground. [t sppears to have ondy a single
very broad emergent Bagefiem (1) Durmg normal leoomo-
hon, the basal part remams Sirly =nfl with ondy the amtenor
pottion showing moch acwvily Peranems (also called
Pesudoperanama) 5 a phagotroph and can manspolate
other protists and deirtes mio the cell by means of ™wo
ingestion rods (2) This species does also have a short
recurtent flagelium (3). Phase contras!

Figure 72 Peranema A detailed wew of the antenor end of
this colouriess and phagotrophsc euglend (of Fig Tl bt
e that tes = 5 lrger specees) Although only one agelbem
(1) appears v emerge Gom the from of the cell careful
scrutny reveals 5 second recugrent flageilom (2) leanng
the ressrvorr 10 extend baciovards, lying close 1o the srfsoe
of the cell Both fagella rematn m close contact with the
subwtrste (i this picture they are in the same beal plane as the
mcers adhenng o the substrate (3)) as the cell movwes Deh-
cate striahons of the pelicle (4), typical of many eoglemds,
can al=o be seen Differenbal interference contrast

seen easily, and a small ingestion device. Size 20-200 um.

52

Cells with an anterior flageilum, a trailing flagellum that is not attached to the body surface and can be

Figs 73 & 74 HETERONEMA

Figure 14 Heteronema A euglend lagelate. esaly confised
with Perapems because 1n both organisms the antenor
flageiium (1) = strongly developed However, careful ob-
sarvaton (especislly when the ceil turns) reveals a second
trailing fisgetam (2) whach does not be m firm cont=et with
the call body. Unbies Peransrmna. the body moves close the
substrate bor does not appear o sbook’ o it Moch of the
cytopiasm s occupsed by refracte polysacchands sioracgs
gramies (3} Heferonems also has an ingesnon device and
= capabie of phagotrophy  Fhase coafras:




A Cells without ingestion apparatus. GOTO38
B Cells with a well-developed ingestion apparams (body 20-30 ym long). Figs 75 & 76 ENTOSIPHON

These cells have an antenor beating flagellumanda mon in freshwaters In marine sites a rather simular
sacond., broad, trailing flagellum Some uitra- genus Floeotia, s common (Larsen and Patterson
structural aspects are presented by Mignot (1968) 1980)

and Triemer and Fritz (1887). Two species are com-

18

Figure ™ Entosiphon Of all of the colourkess suglends
Eniosiphon has the most sirongly developed ingeston
apparatus {1} This compnsas a ebe with a fap-blee opening
ai {a antenar end Deintus and bactéria are ihgested
through thes organslle There are two fagells (21 but tus
phoogmph & misleadmo bacause one normally ads behmd
the cell a8 it moves, whke the other (1he antercg) boats @ a
Girly cormeenbonal Bsiwon The contractle vaouow (3] and
nucleus (4] are alss eviden! within the cell Phase conirast

A The posterior flagellum is very broad at its 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 um long).
Figs 77 & 78 ANISONEMA

The postenor flagellum curves ina broad arc ike a  Pestaloza (1956) and Larsen and Patterson (1920).

hook' as it leaves the flagellar pocket The occa- Helkesimastix (Fig. 81) has two flagella and may
sional jerks in motion are caused by contrachon of key out here, although the antenor flagellum cannot
the postenor flagellum For taxonomy, see Huber- usually be seen and it appears 10 be unuflagellated
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Figure 78 Ansonems. This genus is so called because it
appears to have two prominent flagella that are unequal in
breadih and length. The anterior Sagelinm (1) &= the weaker
of the two. besting normally. The recument fagelham (2) is
much broader and traiis along the ground as the cell moves.
Mormphologcally, the clearest distinguishing feature is the
hook () thal the recurment flagelium forms after leaving the
flageilar pocikat (4) Living cells can also be distincuished
from other genera becsuse the recurrent flagelium can
contract o jerk the cell backwards No ingaston apparaihes
is visible. Phase confrast

B The posterior flagellum is not greatly thickened, and is shorter than the anterior one. Most species are

15-30 pm long.

Figs 79 & 80 NOTOSOLENUS

Figure 80 Nofnsolenus A common colourless ghding eu-
glenid, closely ressmbling Petalomonas (of Figs 83 & B4)
Moving cells appear 1o have a single emergent anterior
flagellum (1), but more careful observaton reveals a
sacond [agelum (2) ralling backwards ondes the cell Both
emearge from the flageilar pocket (3) The rerurrent flagelhom
distinquishes Notosolenis from Petslomonas. Differential
merference contrast




Petalornonas 18 generally a small cell (under
IS pm) in which the flagellum is most active at the
antenor up R is most eastly confused with Not-
osolenus (Step 36) which has a rather insgnaficant
recurtent flagellum. Taxonomy is discussed In
Huber-Pestalozz: (1965), Shawan and Jahn (1947),
and Larsen and Patterson (1990)

\ @)

| o
fax peilate
(I} anmng from &
Nageliar pockst () As the cell ghides, the Oagelan hes
along De substrate, apparestly pulling the cell lorwards

The anteros end of e Sageiium = = most actrve part. No
ot crganelle & vesbie i cells of this Qunus. o least
by Lght mscyoscopy Ultrastructural studes sugpest that
small ngeation devioss may Do present The nuclews (V) &
atypacally obwious & thia cell Phase contrast

—




ALL SCALE BARS 20 um UNLESS
OTHERWISE INDICATED

Figure B4 Peislomonas and Bodo This = a Tandscape’
phoiograph illusirating & number of small fiagellates mowing
among hecteria The bactena molude cooomd, flamenious
and spiral forms. Two types of fagellale are present Pesls-
monas (cf Fig. B3) (1), which includes smaller species of
euglenids and & dishnoushable by the single shff antenar
fagelium; and mwo bodonids (2) each of which has two
flagella Englenids and bodomids are thought io be related;
small species ke these oocupy similar niches, being asse-
crated with detritus and consuming small stached particles
Phase contrast

B Highly metabolic cells.

GOTO 39

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 um

long.

The relatonships of Mastigamoeba have only re-
cently become clear. Related to Mastigella (Fig. 86)
andFEbmmthebmi}'rmnhlﬁﬂ:amfanmdn
The flagellum of Mastigamoeba is attached to the
nucleus, whereas that of Mastigells 15 removed
somewhat from the nucleus. Pelomyxa looks like an

Fig. 85 MASTIGAMOEBA

amoeboid organism, the flagella being relatively
short and msignificant The flagellum 1s rather stiff and
flexes rather than undulates. Some masthgamoebae
are very similar to swarmers from certain shme
moulds (Fig. 20). Reviewed in Lemmermann (1514)
and Patterson and Larsen (1991).




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

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

B Cell flares at the front end. Body 25-60 pm long.
Urceclus has an ingestion apparatus compnsed of two

rods to manipulate food. The stout antenor flagellum
resembles that of Peranema m itz behaviour, being

Figure 86 Mastgeils An ormganism that combines the
charactenstics of an amoeba and of a fiagellate, 1e. thasan
amoeboid body and a agellrm. The mashoamoshas arse not
wﬂhr:wubutmqenem.mmbamdﬁmw}h
are Teasonably common Mashgemosba has s nuclous
bying at the base of the Aagelhan, whereas in Mastgella n (1)
25 near the cenire of the cell Pseudopadia (2) develop from
thie body surface There is a smgle. long flagelium (3) which
beaﬁmrrsuﬂlr{mherhkeaﬂmumﬂmcﬂ There =
great smilarity with the ‘swarmers” of some slime moulds
(Fig 200 The mastigamoebae are usually found iIn crganicaliy
ennched or ancne sites, Differential interforance contrast

Figs T0-72 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 ndged and, in some species, pariicles adhere
to the surface. Can be fairly large (up to 50 pm).




Figure 82 Urceclus This genus of colourless, phagotrophic
euglenid flagellates has much In common with Perancma
(Figs 71 & 416} The body i= highly metabolic and there iz a
single. broad, emergent Sagelhem (1) which extends in front
of the cell ks it gides along, but the genus iz distincurished
by the flared anterior end (2} Surface striations, character-
stic of many euglenids, are visible (3) Urceolus also has a
rod-like mgeston device (not nisible) and eas demis
algao 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), Multictha, Spironema, Fsaltenomonas

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).

B Withtwo or more flagella. GOTO46

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

A Flagellum directed forwards. GOTO 44

B Flagellum directed backwards.



Very few prolozoa satisfy this descripnon How- and a small sphencal body containing a refractile
ever, disiodged collar flagellate cells (see Step 9B) granule. Dinoflagellates (Step 67), most of which are
will swvam with their flagellum trailing belund The pigmented have two flagella, but often only the
same s true of some fungal swarmers, parncularly trailing flagellum is seen

those chytnds (Fig 8) with a long, trailing flagellum -

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 pm long. Figs 88-92 COLOURLESS EUGLENIDS
e.g. ASTASIA, MENOIDIUM

Astasia (Figs 89 & 92) i1s one of several genera of
actively swimming colourless euglenids (see notes
after Step 32) As with all euglemids, there s an an-
terior depression or pocket from which two flagella
anse, although usually anly one emerges Some
genera, ke Astasia, are highly metabolic; others,
such as Menoidium (Figs 90 & 91), are relatively
ngid. They are often found in orgamically polluted
sites, duck ponds, etc. Ultrastructure has been des-
cribed by Suzaki and Williamson (1886b).

of the divisson Rarrow from the front 1o the back of the cell In
this cell the nucke (1) bave drided The smgle emergent
flagalium (2) from sach cell = short, and meerts into the
fagellar pociest (3). The contractile vacucles (1) relsass
their contents mio the flageliar pockel Fhase confrast




B Thin flagellum, beating not as a whiplash but more in a breaststroke or undulating fashion. GOTO4S

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 ym) and apple-shaped.
(Svep 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 um long.

Figs 93-85 COLOURLESS VOLVOCIDS
There are two common genera. Polytomella (Fig
93) with four flagella (de la Cruz and Gittelson, 1981),
and Polytoma (Fig. 94) with two llagella and a cellu-
lose wall surrounding the cell For a general guide
o volvocid hiterature, see notes after Step 21. For
colouriess genera, see Pringsheim (18937), Lang
(1967) and Gaffal and Schneider (1980).

Pigure 88 Foiytoma. A motile, coooosd chiorophyte (o Fig
1131 this is one of the fiew colouriess genera. The cells have
no chioroplass bt retamn many of the other distingueshing
features of chiorophytes The body is encicsed within an
orgamc cell wall (1), and thare are two apical flagella (2),
{Folytomeils = a related genus with four flagella and no cell
wall)l The nocleus (3) es near the cantre of the cell and the
cytoplasm rypecally appearn very granular because of poly-
sacchande siorage matenals (4) These granules (ofien re-
ferred 1o as stech) are refractile and may appear io have 3
gresmash inge under some ighting conditions. Care should
be wicen o confirm whather green pigment = present of
pot. The sanplest means of domng thes 8 © vew the cell with
bewghe-fiedd opocs and wath the condenser s hully open.
Defferental mierference confrast

B Notas46A. GOTO4T




A Inflexible body that tapers

posteriorly or is sigmoid, with two flagella emerging together from an

anterior groove or channel that is surrounded by an aggregation of small refractile bodies. The cell body is
rounded in cross section and typically contains numerous refractile starch grains. Cells swim freely or

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

Crypiomonads are common Most genera contain
off-green, blue-green, golden or reddish chloro-
plasts, and may occur in blooms (natural coqurrences
of mgh densities of cells). Generic identificaton of
organisms with plastids usually requires electron
microscopy (Patterson and Larsen, 199]) There are
two colourless genera, Chilomonas being particularly
widespread and a weed. The other genus 1s 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 antenor open-
ing of a groove (often misleadingly referred toas a
gullet). The body usually tapers and twists slightly
posteriorly. There is nommally one conlrachle
vacuole per cell thos vacuole discharges mnto the
flagellar pocket

The cell sometimes has large, pinkash refractiie

B Notas47A.

crystals The refractile bodies around the flagellar
depression are extrusible organelles called ejec-
nsomes They are expelled by trapped or otherwise
distressed cells, causing them io jump suddenly
backwards Other behaviour inciudes forwards
swimming (flagella divergent but directed for-
wards), backwards swimming (whech may cause
difficultes in denufying the front and the back of
structure of Chilomonas is described by Roberts
(1981b). Kathablephans (p 181) 15 a colourless flagel-
late with two lines of refractile bodies It s some-
times allied with the cryptomonads (Bourrelly, 1870)
and may be the same as the marine Leucocryplos
:Punermmqlarmen 1981) For identification at
the hght-microscopical level see Bourrelly (1970},
for manne speces, see Bulcher (1567)

Pigwre 97 uiomonas Thes 18 & colowiess oryptomonad
(cf Fag 126} bt it has a typscal cryptomonad shape & rigid
body, ofien with the postenor end marmowed (sOmeUmes
aven pomied) The anterior end of the cell is indented (1)
where the llagellar pocket or groove opens. Two lagella (2)
project from the groove winch, mnde the cell is kned by
exinsibe spctaomes (7). The contractle vacuche (1) bes
e the most antenor shouldes of the cell The nucless (5=
relatively large and much of the cyoplasm o filled with
‘starch’ grains (6] Differential interference contrast

GOTO48

Rl




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 marginof eachcell.

Comomonas, often called Cyathomonas (for name
change see Larsen and Patterson, 1990) &5 an
atypically shaped member of the cryptcmonads
(Step 47). Ultrastructure is described by Mignot
(1965) and in Patterson and Larsen (1991)

Figs 98 & 99 GONIOMONAS

Figure 30 Gomomonas A colourless cryptomonad fagel-
late. Memibers of this genus are unlike othey cryplomonads
in that the cells are flattenad, and the groove, which nor-
mally plunges into the cell, lles as a shallow gulley actoss
the fattened anterior end of the cell The location of the
guliey can be seen by the hine of ejectimomes that hes
alongmde it {1} There are two flageila (2) emerging near
one af the amenor comers of the cell a smngle median
nucleus (3), and an anterior contractile vacuole (4). This
QEnus & commaon, aithough it & arely reported. It normally
moves by sladding along the substrate, and 5 usually
known as Cyathomonas. Phase contrast

B Cells with unequal flagella or with flagella not emerging at the same point on the cell surface. GOTO 43

A Cellis with a long, undulating flagellum held in a gentle arc extending from the front of the cell. anda
second short flagellum that curves backwards to lie near the cell surface. Colourless chrysophytes (see

Step 6).

GOTOS0

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 ina layer of very delicate spicules. Body5-20 yum.  Figs 100& 101 PARAPHYSOMONAS



Paraphysomonas is a colourless chrysophyte (Step
€). 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 1o the substrate. either by using a thread-like
extension of the posterior end of the cell, or by sec-
refing a delicate mucoid stalk (Figs 28 & 100). The
scales of most species in the genus are too small to
be wisible with the light microscope, and generic
and species identification requires electron micro-
scopy (Preisig and Hibberd, 1982 1983a, 1983b;
Vers et al, 1980).

100

B Cells without spicules. Body 5-20 yum long.

Spumella 15 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 Spumeilla (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
bacternia or other small protists.

being coated with a layer of delicate spicules (4) The
scales of most species in this genus can only be seen by
electron microscopy. Inmide the body he numercus food
vacuoles (5) with different lands of mgesta. Phase contrast

102




A With flagella emerging from opposing sides of the cell, laterally, posteriorly or anteriorly. Mostly
FREE-LIVING DIPLOMONADS

under 20 ym long.

Most diplomonads are parasites (Lee et al, 1985
Patterson and Larsen, 1951), 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 anse at the anfenor
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.

GOTOS52

the visibility) of the flagella. Some species swim
and turn with a characteristic stepwise rotation. For
general comments, see Patlerson and Larsen (1951
for descriptions of free-living species, see Calaway
and Lackey (1962), Hanel (1979), and Lemmermann
(1914). Electron microscopy is discussed by Eyden
and Vickemman (1975) and by Brugerolle in Patterson
and Larsen (1391).

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 pm long.

Figs 103(b), 104 & 106 HEXAMITA

Figures 103(a} & (b) [hplomonad flagelistes Trepomonas
(@) and Hexzowia (b). Most genera of diplomonads are
parasites, and the few genera that are free-living are usuaily
iound in orgamcally enriched (and usually anaernbic) sites
The cells are bilaterally symmetrical along thetr agudina
ayiz There are two antenor nucles (5), and essocaied with
each are four flagella which anse al the head of a groove In
the body murface The gener may be distinguiched by the

relative lengihs of the flagells and by the flexbility of the
boches In both genera. cne fiagelhm of both quaness extends
laterally (1) from the head of the groove. The remainder lie
withan the grocve, with those of the more pliable Trepomanss
(2) not extending beyond the posterior margin of the cell. as
do those of Hexamita (3). These crganisns may feed eithar
by eating bacteria (4) or by pinccytosis Phase contrast
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Figure 108 Hexarmus A diplomonad In this genus, cne
Bagellum projcts brwards (1), and the remamder be m the
groove. One of the Ster may be seen on sach mde at the
posterion end of the oell (2] The cells have food vacuoles
conlaimng bacters () Phose confrast

A Withfour flageila and a slit extending from the site of flagellar insertion. 10-20 pum long.
Fig. 107 TETRAMITUS

B Noslit and two flagella. Cell bodies 10-20 pmlong. mlmuimm

Tetramitus and Naeglena (Fig. 206) are hetero-
loboseids (Page and Blanton, 1985, Patterson and
Larsen, 1991) In both genera the flagellate is one
stage of a polymorpiuc life cycle that also involves
amoebae and cysts. For hight microscopy of Tetra-
mutus, see Buntiing (1926) and Bunting and Wennch
(1929), and for ultrastructure, see Balamuth et al
(1983). Naeglena is of interest since one free-living
species 1s able to invade the central nervous system
through the nasal rmcosa, and causes a fatal menin-
gitis. This species s found in warm waters (Martinez,
1985)

Shime mould swarmers (Figs 20 & 64) may have
two or more flagella and may key out here Flageila
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). GOTOSS
B The colour is off-green, golden or red. GOTOS&2




A The cellis rigid, with a smooth organic wall and two or four flagella of equal length, beating with

breaststroke action.

(Step 21) VOLVOCIDS GOTOSE

B With one thick flagelhun, beating with a whiplash motion (coils are pushed along the flagellum from
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.

Euglemds and volvocids are the only types of flagel-
late to have bnght green (grass green) chioroplasts
(compare the types of plastid in Fig 108). Members
of the two groups can be distmguished fairly easily
as eugienids normally have one emergent thick
flagellum and can squirm, while volvocids have two
or more thin flagella and are ngid With the excep-
tion of Trachelomonas (Step 63), euglemds do not
have surrounding cell walls. Both types of flageliate
contain a stigma, but this is located within acchloro-
plast m volvocids, and mn the cytoplasm of euglends.
Euglemds have a flageilar pocket and a nucleus
usually with a granular consistency. Some colour-
less euglemids have been keyed out already (see
Step 32 and the following steps) as have colonial and
colouriess volvocids (Step 24, the following steps, and
Step 46). Only a small number of genera of volvocids
are keyed out below. For a guide 1o the appropriate
literature, see notes after Step-21.

EUGLENIDS GOTO#&0

Figurs 108 Ocfromonss and Euglens This pecture offers a
comparison of plasticds with chiorophyll b, & i the larger
Eﬂ:tllnﬂpﬂﬂmuwn-mh

smaller chrysophyte. Ochromonas (2) Chiorophyll b s
bright green, whereas chlorophylls a and ¢ are off-green or
yellowish Only one flagelum (3) emerges om Euglena,
whereas Ochrromonas has & long (4) and a short Bagelkam
{5). An eyespot (5) hes near the Sagellsr pocieelcontractile
vacucle (1) of Engiena, the nucleus (9) of which has a
dimpied appearance The refractile bodies (B) lnng near
chicroplasts are polymcchande sorage gramdes Dyl
ferential interferance confrast

A Thecells are spindle-shaped, with the flagella located at one apex. Cells 20-200 um, mostly about

30 pm.

Fig. 109 CHLOROGONIUM




B The cells are not spindie-shaped. GOTOST

A Thewall is pressed close to the surface of the cell. GCOTOS8

B The cells attach to the wall by means of thin strands of cytoplasm. Cell body 20-70 um.
Figs 110 & 111 (a) & (b) HAEMATOCOCCUS

Haematococcus can develop a bnight red pigment  euglenids, and 18 held 1o be a protection against
that masks the green colour. Consequently it reap- mtense radiation Haematocoocus is often found mn
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 insome  Joyon (1965) gives information on ultrastructure.

Figures 111{a) & (b) Hsemaiocooous A motile chiorophyte
Each cell has two fagella (1) and s enclosed in a stiff
1 arganic theca 1o which it 13 attached by thin strands of
' P == cytoplaam (2) The cells have chiorophyll b in their chiom-

S Tyt | plasts usually giving them 3 bright green colour. However
undes some curcunstances (ag. mitenss redhation) tey will

{ : r develop an additonal scariet pigmen winch tums the oall
L ,-;f"hh'-’. el This genis comos i shallw puddies, &nd the develop-
b 4 ment of the second pigment m dense blooms of ceils may
—— cnises the water to tum red, or causs a red film o devaslopon
the substrate andfor al the surface of the water Phase

conirast

67



A The cells are rounded (spherical or ovoid). GOTOS59

l The posterior end of the cell is drawn out into squat arms. Cells 15-50 pym 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 (1988) and Harris (1989).

112

B Cells with four flageila and two contractile vacucles. Cell body 7-40 um long.
Figs 114 & 115 CARTERIA

1158

Figure 114 Camena A coccoid chicrophyosan green
nas by s four flagells (2], ansEng together around an anlenior
protrusion (4) The cells are bnght green because of the
cup-shaped chloropdas: (1) mmmﬁmﬁmd-
I.‘mmmhn members of the two groups can be

because chiorophytes have a ngd and unnd-
ged cell wall, and becsuse the red eyespot or sigma (2) liss
inside the plashd The plamid encioses the nuciexss (8), and
the contractie vacuocles (5) discharge antenorly. Dif
ferential interferance contrast




A The cell is 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 speciesare
between 10 and 50 um long. Figs 116 & 117(a) & (b) TRACHELOMCNAS

Trachelomecnas is a frequently encountered genus 116
For taxonomy, see Huber-Pestalozan (1955), and for

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

Inus (1981) and West et al. (1580),

Figures 117{a) & (b) Trachelomonas Two speces of this
genua of free-swnmming, loticaled euglenids are shown chiloroplasts

They inhabit rigid loricae (1), and a single, long fagellum chicraphyll b, the cells are usually golden or b
(%) emerges from an apical apemire (3) in sach lorica The 1o the abscrpion of metal sahs by the test The red organells
outline of the cell iz more evident in the species with the () iz the eyespol (sigma) Diferental inferferance colitrast
spiny lorica, but in both cases green chiomoplasts (4) are

:
E

B The cell is without a lorica. GOTO61




A The cell is flexible and is more or less spindle-shaped. Species vary greatly in length, from 20-300 um.
Figs 118-121 EUGLENA

Eugiena 15 an extensively studied genus, and sev- boay surtace 1s spirally sculpted, as seen in Fig 121
eral books have been dedicated to it alone (Buetow, The species illustrated here is without emerging
1982} The flaxibility of the calls = illustrated in Fig.  flagella. a state encountered in a number of mud-
119, the vanous shapes being achieved by anactive dwelling species, and in swimming euglenids that
squirmung (also called metaboly or euglencid mo- have settled against a water-air or water-substrate
tion). There i1s a single emergent flagellum, but this interface

is more evident in Fig. 120, in which the loops that
progress along the flagellum are visible The eye-
spol or stigma lies cutside the chloroplasts. The

118

| Figure 119 Eugiena The varous shapes that the body can
| adopt result from a form of wnlhing referred 1o &8 mataboly
\ of euglencid motion This propernty convenwently distin-
guishes euglemds with green chicroplasts from other types
of green zigae. Each cell has a shgiv amenor mdentaton (1)
whare the fSageliar pockst opens 5t the cell sufscs. and
where the sngle fagellom (2) emeroes. The red eyespot
() can be seen i all of the cells Differentnl merfersncs
corstrast

Figure 130 Euglena As with most euglemds, there s one
emergent Gagelhen (1} Th is relatively thck. cwing 0 the
raramial md slongscis the axoneme The body & plishile
Also wnmbie 1= the region of the agellsr pocieet with an
owverlying contractle vacuoke (2] More postenorty @ the
nucheus (3 The surtace of the cell & supporied by narTow,
gparal interiociang Sinpa. Seen n the regon over the nucikeus
(8). The cell 13 green because it has chioroplasts with chior-
ophyll b There are also numerous polysaccharide siorage
bodies (4), whech are refractile and sometimes mistaken lor
the chloroplast= (of Fig 121} Near the flagellar pocket is
the red eyespo! (5), mvolved I sensing the doechon and
rersmity of hoht Phase contrast

10



Figure 18] Euglens Scme speres in e Qe like ths
one, lack an emergent fagells. and move by ghding Thes
ke the squirming behanowr descnibed m Fig 118 has
been called euglenod motion. Most of these species are
quite lrge and are ofien found n muds Thes partculsr
species has o small mumber of very large polysacchande
storage granues (1) A large nucleus (2). an eyespot (3), and
the surface ridgng (4) caused by the strips of material that
give the body its shape may also beé seen. The green colour
ocomes from the pholosynthetic pegments (including chiom-
piyll B) i the chiomoplass. Differental merforonce contras

B The cell is not flexible, but is compressed and usually spirally sculpted. Most species are 15-50 um

long.

Figs 122 & 123 PHACUS

squrm, of because. e Phaces, they have helical stratons
or are twisted heboally. As @ most eoglemds, there = a
stngie. wel developed emergent fagelium (11 The eyespot
(2) = also evident. as is the green colour of the cell. A large
siorage granue (3) and a muckeus (§) may albo be seen
[iferennal [mterference COnTEst




A The cellis red, rounded and rigid, with two flagella of equal length inserting at the apex, and with the
cytoplasm running out to the cell wall as fine threads. 20-70 pm long.

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

B Notas62A GOTO&

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 GOTO64

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 4T.
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. GOTOEE

A Small blue-green cell (about 10 um) with several chloroplasts.

B Yellow-greencell (up to 50 pm).
124

T2



Lagel-

Figure 138 Crypiomonas: A typical cryptomonad

late The body is nigid and &t the amernor end (|) has a
depresson that s often relermed o as & gulet us & M-
leading becauss phagotrophy does not coour. Two flagells,
one of winch s visibis here (Z), emerge from the opemng of
the groove. The position of the groove © revealed by the

ejectsomes (3) that line its borders. These are exirusible
organelles and. if the cell gets trapped (e g between the
shide and coverslip) they may be exuded explosively,
caumng the cell o jerk baciowards The cell has an off
gresn colour Numeroos polysacchance storage boces (4)
appeaz o fill the cyoplasm. (5) mdicstes the locanon of
nuclkens Differental inferference contrast

Figure 128 Mallomonas A synuracean chrysophyte which,
lke other cluysophyies, has chioroplasts (1) containing
chiorophylls 3 and ¢ The cell tharefore has the cher-
aciernsnc gulden colour The symmracesn chrysophytes arc
ihose with mhosous scales (3) attached o the body surface.
In this cell there is a laver of small scales near the body
surface. and a few longer spine scales (2) Synurophytes
have two flagells, but they cannct be seen in this mucTo-
graph Diferential interfersnce contrast (Photo Craig
Sandgren )

A Cell with one flagellum and a layer of scales and/or spines. Species vary between 10 and 70 ym in

length.

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 Mallormonas only one flagellum is wisible;
other genera differ in the number of flagella and the
character of the siliceous matenal (Siver, 1991;
Starmach, 1885).

GO TO61

A Thebody of the cell is drawn out into several distinct points, and is often large (greater than 50 um).

Ceratium 1s a planktomc dinoflagellate. Most dino-
flagellates have two flagella one hes inside an equa-
tonal 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 amplhude
and may be difficult to see. Thus, the cell may seem
tn have only a single trathng flagelhmm Omne or both

Figs 129 & 130 CERATIUM

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




vacuoles, but some cells have a non-contractile jess representatives (Dodge, 1985, Spector, 1985;
pusule. Some species are phagotrophic (Patterson  Taylor, 1986)
and Larsen, 1391) and there are some entirely colour-

= PO [ T P e S [ - = il

Fh]'i-ll'l 139 Ceratan A PeAneOnmac CHrSOes-RIE  AlYeOally
3 echuee the bhody s been pulled oot méo a
FETE endaunieed n

3 arms may reduce the

LT B8 @nnclent
chicroplasts have the

f-green or orange colour that characterizes many dino

B NotasG7A. GOTOGE

68 A Celis larger than 10 um, with a body that is inflexible or has evident stiffening. Large, brown
(6T) chloroplasts more or less fill the body. THE DINOFLAGELLATES GOTOGS

oee notes after Step 61

B Small cells (usually less than 10 um), 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 OCHROMOMNAS

The archetypal chrysophyte. See notes after Step 6
For discussion see Slankis and Gibbs 1972
Hibberd, 1970) 131

o
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A The cingulum (see notes after Step 67) is near the anterior of the cell (1030 um long). 689
Figs 132 & 133 AMPHIDINIUM (68)

133

Figure 133 Ampledinium A dmoflageliate = which the
equatonal groove (cimgubem) (1), with its cingulsr fsgelium
(2), = near the amernor end of the cell The cell = con-
sequently splil into two unequal parts Near the junction of
the cingulum and the longituding] groove (sulcus) (3) =.a
pusiie-like organells (4) of uncertain function The nocleus
(5] bes in the postemior of the cell The chromosomes m this
and other dincllagellate mucle; are condensed even whean
the nucleus s not dividing, and this accounts for the
. granuiar appearance of the nucleus This species has a

chioroplast, the colour of which is evident, but the bound-
| aries of which are obsoured by refractile cyioplasmic
droplets. Differential inferference comtras!

B The cingulum is near the centre of the cell GOTOT0

ALL SCALE BARS 20 um UNLESS OTHERWISE INDICATED

5



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 um. Figs 134 & 135 PERIDINIUM

B Thetestis not divided into plates. GOTOTI
A The cingulum is oblique, and the two ends do not meet. Most species are 10-50 um in length.
: Fig. 136 GYRODINIUM

B The two ends of the cingulum meet. Cell length usually between 10 and 50 pum.
Figs 137 & 138 CYMNODINIUM




e

Figure 138 Gympodinium. A typical dinoflagellate Cne
Oagalhen (1) wsually les in the equatonal groove (2], but it
has become separated in the uppermost cell, a second les
in the longitudinal groove (4), but trails behind swimming
cells (3} These cells have an off-green colowr because of
the combination of pigments i the chioroplasts. A dividing
cell (5) is visiple. Diffaraniial interferance confrast. (Scale
bar 100 um.)

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 T2A (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 distnguished 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. 138(b)).
The pseudopodium may be broad and rounded
(lobose) (Figs 139(a) & (b)), usually having a watery

AMOEBAE GOTOT3

GOTO116

leacling margin (hyaline cap) (Figs 13%(a) & (b), & 210)
into which cytoplasmic organelles do not penetrate.
Other species may have conical pseudopodia (Fig.
13%(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 ususlly
identified by the appearance of the test The heliozoa
have needle-like pseudopodia, supported internally
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).




MWHWMM after forming spores, but part of thewr life cyclesmay

Lee, Bovee and Hutner Pm involve small amoeboid organisms which may

{mm and Siemensma (1991 easily be incorrectly identified as solitary amoebae.

mmmmmmmmm Most smaller amoebae cannot be dentified with

orgamsms, which are normally referred to as slime  cernainty unless they are 1solated and grown n pure

moulds (see Lee et al,, 1985; Olive, 1975). Many can culture, so that the different stages of their life
only be identified when they are in large masses or cycles can be studied.

A Thebody is surrounded by an obvious test, mmdhmm“uthwm -

B Amoeboid organisms without a rigid test; pseudopodia emerge from many parts of the cell. Body may
have adhering scales, other inorganic or organic matter. GOTOT4

& Amoeboid cells with ‘chicroplasty’. GOTOTS

B Amoeboid cells without ‘chloroplasts’. GOTO78

Care must be taken to distinguish between chloro- shape, and ingested algae, which will be of vanous
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  (Willumsen, 1982; Page, 1981, 1963), but M. viridlis 1s
The ‘chloroplasts’ are symbiotic algae A few manmwmmﬁmhﬂmmdmynmﬁ

species of naked amoebae have similar symbionts s illustrated in Fig. 192

B Amoebae with a small number of golden chloroplasts. Amoeboid chrysophytes. Cells small 7-20 pm

in diameter.

See notes after Step 6 Hibberd (1971) gives an ac-
count of the fine structure of this orgamsm, and the
taxonomy 15 discussed by Bowrrelly (1967).

BIBLIOTECA

A Amoebae with thread-like (filose)

Fig. 140 CHRYSAMOEBA

0
S

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 sphernical and in that the
pseudopodia radiate from the body mass However,
the pseudopodia are not ngid (as are hehozoan
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 GOTO T

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

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

pseudopodia arising from a broad hyaline region.

GOTO 14

A The filose pseudopodia are visible when the organism is in contact with, and moving over, the

substrate.

GOTOT8

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 setthing
against the substrate, after which time the normal
locomotive form redevelops.

141

Figure 142 ‘Amoebs radioss’ (or ‘Astramosbs radioss’) A
body shape adopted by many amoebas when they are
detached from the substrate. It is & fioanng form, i which
the amosboid body is contracted fo an almost epherical
mass (13 fom which mdiate & small numbery of tapeting
peeudopodsa (2) Some species may heve a =ngie extended
pseadopodium, giving them a comet-kke shape For accy- -
rate idenbfication, the organism must first be allowed 0
seflle; the diaonostic charactenstics will become avidant
- \!henﬂmmumumﬂmﬁmwﬂ:mmeﬁkﬁm
is also posaihle. Phase confrast

A Cellswith alayer of scales or spicules. : GOTOSS

Compare with heliozoa {(Step 187) which resemble pseudopodia have internal skeletal structures (Figs
those amoebae that key out here Heliozoan 357 & 406).

B Cells without scales and/or spicules. GOTOTS

A The pseudopodia anastomose (they branch and join up again sothat a network is formed). GOTOS80

B The pseudopodia do not branch or, if they do, they do not normally fuse back together again. GO TO82

A Verylarge (up to many millimetres) with thin tracts of cytoplasm joining occasional nodes. Often pink.
“Fig. 143 RETICULOMYXA



——

Ostwald (1988) gives a general account of this
genus, and other descriptions may be found in
Nauss (1949) and Koonce and Schliwa (1985). Thisis
little known taxonomuc terntory, and identification is
very difficult Soil environments may harbour many
large reticulate amoebae, some of which eat fungn

B Notlarge (less than 100 pum).

143

GOTOBI

A Typically with a single body mass from which very active psendopodia 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 pseundopodia 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
in size: smallest masses of cytoplasm may be 10 um; cytoplasmic networks may measure many

millimetres.

Figura 144 Biomyxa (7). With its thin anastomosing pseudo-
podia (1), this crganism falls nic a very poorly understood
category of amoebas Organsme with this type of appear-
ance vary enormously mn size, but all are disinguished by
the intense actoaty of the cells. with the pseadopodsa (1)

“dwmﬁ'g 415} 'It!mm
ame not common. [aferennal mferference Conirast

Fig. 145 ARACHNULA

Little 15 known about these or other naked filose
amoebae. Arachnula has been described by Dobell
(1913) and Old and Darbyshire (1580) These or-
gamsms may eat fungy by cutting a hole in the fungal
wall (Chakraborty and Old, 1986). they are related
to Vampyrella (Step 84, Fig. 153). which may attack
green algae.

81




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

Fine pseudopodia emerge as two tufts at esther pole
of the cell, and adhere to the substrate during loco-
motion. Diplophrys is reported to form very large
masses, and 15 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 er al, 198%) This obscure
genus may have been described under other
names, and may have been treated as an alga.

146

occupying much of the
Figs 146 & 147 DIPLOPHEYS

Figure 147 Diplophrys Mos! indimduals in this genes (and
in the species [0 sarchen) are very small and slow moving.
They are ofien overlooked, but can be common. The organ-
=m moves by hufts of peeudopodia (1) which emerge from
apertures al opposite sides of the call and slightly above the
miciline of the call The arganiem s moet readily distmepished
by the presence of one or more promnent golden or orange
droplets (2) in the cyloplasm The speces = sad o form
very large agoragates. The body has s fixed shape because
the cyioplasm = surrounded by a wall compnised of fine
discs of organic matenal Another organism which also
comains goiden droplets, but which has adherng extra-
necus particles Elseorhans, is bebeved by some o be
related or the same Phase condrast

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, 1886; 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, 15384). Care must be
taken o distingumsh between flatiened 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).
Splmtzluﬂwimhareeaah'mnﬂmdmhah}
zoa (Step 187).



148

Figuze 150 Noclears A moclearnd filose amosba One of
o (unrelated) Bmmbes ommally mciuded i the naked
fiicse amoebae Thes specwes N deboansh. wsoally has a
rounded body (see Fig 150) and very long. thread-bee
pesudopodia (1) 50 ¥ = easily confused with belioma
Howewver, the pseadopods of the filise amoebas are not
siflened. and there @e no extrusomes. The pesudopodisa
are usually lonper ai the leading margin of the cell Ths
species typecally has bactena () adhenng 1o a thin layer of
mucus Phase contrasy
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Pigure 18] Nucleana, This is a fiatened species, N moabius
in the same genus that 8 ilhistrated in Figs 148 & 150 Some
species of Nucleana can adopt both sphencal and flattenad
shapes In this species, pseudopodia (1) extersd from most
parts of the cell surlace. occamonally anmng from an
inctiatinet hyaling regeon (2) The peeudopodis smanating
bom the advancing marcen of the cedl are oflen long and
straight, while those at the postenior end are shorter and
foided (3} Thete s sometmes more than one nuckeus (4)
Alsc nmble are the contracnle vacucks (51 and fbod
vacuckes (§) contaming remmnants of biue-green algae (T

Phase contrast

Figure 182 Cysts of Nucieara These cysts are fonmed
within aggregates of deinfus Each encymed cell may con
lain one of several nocks (1) and s surTounded with a thack
layer of macus (2) In ths speces. oysts form when food 1=
exhausted but they do not protect the enclosed oall fom
desmccaton (Corhss and Esser, 1974) They pressmably
SErVE 1D emend the srvival of the orgamsm when food =
absent by decreasng the demands made on jood ressrves
by metabobeam Phase copfrast

4



A Orange or pink cells, the colour being associated with cytoplasmic granules. Usually associated with
green algae, which they penetrate and eat. Cells 10-80 pm in diameter. Fig. 153 VAMPYRELLA

Vampyrella 1s 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. GOTOBS8S

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

Figure 188 Cymnophrys. Small. flatened amoeboid crgan-
isms wiih very long. thin pseudopodia. The peeudopodia (1)
may branch and more rarely, fuse back logether again
Very fine granules (extrusames) (2) msy be ssen on the
peeudopodia. The cells move very siowly. The oall bodies
are often found clusterad woether, embedded in detritus,
making it difficult o ses individualz They mostly eat
bactena (3). Flagella hawe been observed by election micro-
scopy (unpublished). This organism is rarely reporied, but
= not uncommon. Phase conirast




B Celisrarely less than 10 um in length Pseudopodia emerge from the anterior margin in actively
moving cells, or from all margins when stationary. Some species have a layer of mucus over the body, and
some also adopt a rounded form. Figs 148-152 NUCLEARIA

See notes after Step T1.

A Small cells (5- 10 pum) with two tufts of fine pseudopodia emerging from opposite ends of the cell. With
one or several large orange droplets. The body is covered with a thin smooth organic layer.

Figs 146 & 147 DIPLOPHRYS
See notes after Step 83,

B Body surface not smooth or pseudopodia not emerging as two tufts. GOTOS%0

A Coating apparently formed from agglutinated particles (of sand, etc.), often with lipid dropletin
cytoplasm. Body 12-20 um in diameter. Fig. 156 ELAEORHANIS

B Coating formed from many similar elements apparently produced by the cell (idiosomes). See ;
Siemensma (1981). GOTOS8

A Body covered with a loose-fitting layer of long spines with broad, open bases. Very easily confused
with heliozoa. Cytoplasm 10-20 yum in diameter. Fig. 157 BELONOCYSTIS




AR Body covered witha layer of small siliceous spheres. Figs 158 & 150 POMPHOLYXOPHRYS

Figars 188 Pompholysophrys Ths muckearnd filose
amoaba superficially ressmbles helicena, and can be sasily
confised with them. There are numerous long, thin peeudo-
podia (1) which lack the stiffness and extrusomes characier-
stic of heliceoa. The body of the organism is encased within
a layer of hollow siicecus spheres (perles) (2) Bactena
miay adhers to the outer surfsop of the perles. The cytoplasm
sohen omange. Members of the genus feed mostly on algae,
and the colur may come from the brealcdiown of algal
pholosynihetic pigments The genus Pnaciophora is
closely related. but it has flattened plates, not spheres, on
the body surface. Fhase confrast

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

Fompholyxophrys and Pinaciophcra are often re-
ferred to as heliozoa, which they do resemble sup-
erficially. Careful observation of the pseudopodia
shows that no stiffiening elements are present and 160
that extrusomes (small discrete bodies used for
capturing motile prey) as seen in, .g. Figs 405-409, \
are absent. They are related to the nucleanid filose \
amoebae (Patterson, 1985, Page, 1987). Species de- \
scriptions are given by Rainer (1969). Recent ac- U
counts rely on the electron-microscopical appear-
ance of the siliceous artefacts (e.g. Nicholls, 1983a &
b; Nicholls and Dirrschrmdt, 1985, Royackers and A
Siemensma, 1988, Page and Siemensma, 1991). — N




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

GO TO 81

B Testis not rigid, but there is a stiff, lexible sheet (tectum) of fine scales from under which the
pseudopodia emerge. With large crystals in the cytoplasm. Body 15-100 um.

See Bark (1973) for an account of thes genus. Bovee
(1985a) refers to seven genera of amoebae with flex-
ible tests, which some specialists regard as testale
amoebae. In the strict sense, testate amoebae are
those amoebae that have a ngid test (lonica or shell)
with usually one aperture (occasicnally more) from
which the pseudopodia emerge. The testate
amoebae form an 'ecological’ group winch includes
organisms that have evolved independently but that
lock like each other because they occupy similar
ecological niches Testate amoebae are divided
inio those with lobose pseudopodia and those with
filose pseudopodia General accounts of testate
amoebae may be found in Lee ef al (1585), Corbet
(1973) and Ogden and Hedley (1980).
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Figs 1€1 & 162 COCHLIOPODIUM

Pigure 162 Cochiiopodiurn. This amosba s normally -

1ened. The dorsal (unatiached) surface = covered with fine
mluu} best seen using phase comtrast optcs. Becsuse of
this loyet, the genus has often been classified with shelled
amoebae Ulrastrociral studies have revesaled the pre-
sence of a structured crganic coating on the ouler surface of
many other amoebas The coating & usually 100 thin 1o be
seen with the light micrescope. The ‘scales’ of Cochliopo-
diam may be tile more than a parucularly well-developed
ooating The cell slso conmins bipyramidal crysials (2)
another means by winch members of this genus can be
recognized. As the cell moves, thread-hice strands of cyto-
plasm may be drawn oul belund the ceil (J), and short
peeudopodia (no! Wisible herve) may protrude fom ander
the tectum of scajes Common m feshwater and marnme
habitats Phaes confrass

A Small cells with a delicate organic test that is usually pressed against the substrate and has several
branching

apertures from which thread-like,

. The pseudopodia bear small particles

pseudopodia emerge
like those of Cymnophrys (Step 85, Figs 154 & 1588). Cytoplasmic mass small, usually under 10 pm.

Figs 163 & 164 MICROCOMETES




B NotasSlA

Figure 164 Microcometes This amosboid organism bives in
an orgamc loncs (1) that becomes brown with age, presum-
ably by absorbing matal salts The lonica has a number of
apertures (7). through which extend very fne thread-hile
peeudopoda (3] The pesudopodia appear saff. as o sup-

A Cells with apertures at two poles, from which filose pseudopodia emerge. Cells often with endo-

symbiotic algae. Test 40-80 um in length.

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

Fig. 165 AMPHITREMA
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B Pseudopodia emerge from a single aperture, located at the apex of the cell or ventrally. GOTOS3

AR Testis smooth and rounded.

GOTOM

B Testis coloured, textured, or comprised of adhering particles. GOTO95

A Testis ngid (it cracks if the organism is squashed), calcarecus, and hyaline. The large apical aperture

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

Bovee (1983a) includes five genera in the famly
which contains Crypiodiffiogia. The geneta 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)
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Figs 166 & 167 CRYPTODIFFLUGIA

Figpere 167 Crypiodifhems One of (e smaller shelled
amoebad. whach = nof oncomamon I eshwaless habilats
and scais. The test (1) 15 smooth with & Singie apucal apertur=
(2} winch has a shohily incurved, thickened run. Lobose
peeudopodia (nol seen here) emerge [rom the aperture
The cyoplasm s attached 1o the insde surface of the 1=st by
peetdopodia (3 The test 5 calcareous and brinle, alten
cracking i crushed by a covershp The most promiment
argnnedle @ the nucleus (41 with a well-developed nuclechs
This crganism = weed-ilke, somelimes developing n &n
nched cultures = very large numbers. Dhferennal mserfer-
ence corsiras

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

Figs 168 & 168 PAMPHAGUS

S e 8 — ey



\ The freshwater amoebae with fine pseudopodia
and orgamic tests are very poorly understood
Bovee (1985b) includes over a dozen genera within
the filose amoebae They have been assigned o
genera such as Gromia, Chlamydophrys, Lecyth-
ium, and Pseudodiffiugea, but the critena for assigmng
organisms o genera are uncertain (Amold, 1970
Hedley, 1960; Hedley and Wakefield, 1969, Penard,
1902). Smilarities also exist with much larger organ-
isms in the genera Lieberkuhmia (Fig. 170) and Allo-
gromia. These genera have pseudopodia that
branch and fuse (anastomose), and thereby resembie
manne Foraminifera (Bovee, 1885¢c). Allogromua is
usually reported in manne and brackish water sedi-
ments

Figure 168 Femphagus A shelled amoeha with & rounded
organsc et that has a sngle ventyal apertors from whach
extend pesudopods whch may anasiomoss. In this photo-
graph the pseudopodia are in focus as they spraad over the
glass siide 1t is not clear 1o which organisms Famphagus =
related. bt it 15 normally classified with the flose amoehas
such as Noclearia or Englypha However, the appearanos
af the pseadopodia s quite different (of Figs 150 & 151)
There = also confusion between this genns Lisbariuhms
(Fig 1T0) and Aleiogromia (Allogromia) The indrvadual
dlustrated has been eating datoms (1) The light halo
around the arganism s an optical anelant. Phase contrast

Figare [0 Lisberiuimua A large amosbowd crgamsm with
a phable orgamc test (1) Pseudopodia (2) emerge from a
Engle apsrure (3) 0 form a4 dense ANASIMGSIG ML
mather liie those of the manne oramnifera. This exampie
has trapped several pennate diatoms (4} The clear area (5)
= the nucless The comments aber Figs 44 & 165 are
appropriaie here, as the wxonomy of this type of amoeba =
very confisad Crganisms similar 1o thas have been descnibed
from feshwaters, bracikash areas and mamne habiats
where they may be abundant. Differental interferance con-
trast. (Scale bar 100 pm )

A Testdoes not have adhering particles.

GOTO%

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

environment (Xenosomes).

GOTO98?




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 apermre is central and ventral. The amoeba has
lobose pseudopodia. 40-270 ym. Figs 171-173 ARCELLA

This genus is common and widespread. For taxo-
normuc reviews, see Decloitre (1976, 1979, 1982). De-
talled studies have been made by Netzel (1975a).

171

172

Figure |73 Arcells A tessie smoebs with lobose pseudo-
pocha (1) The test has a single central and ventmal aperhure
{2}, from which the locomotor and feeding peeudopodia
emarge. These are sometimes vishies projecting beyond
the margen of the test Other pseudopodia (3) anach the
organiam o the mmde of the test, which & organic and hasa
very debcate mesh-like texture (4). The test s wutially colour-
less, but o accumulates metal sakts fom the medium and
becomeas brown with time. mmm-qwngm
umpregnated with metal sslis The most promenent crganells

in thes cytoplasm & the ouclees (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 um. Fig. 174 CYPHODERIA

The test of Cyphodena is made up of small. adjacent
scales bul these cannot easly be distinguished
with the light microscope. Bovee (1985a) includes
several genera in this group. See also Ogden and
Hedley (1980).
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oy A Testis comprised of small, flattish plates. GOTOS8
(95)
B Material adhering to or comprising the test is not in the form of fine plates. GO TO 101
|
- 88 A Aperture is at the end of a slight tubular prolongation of the test, which has very small scales that give it
(9D a dimpled appearance. With filose pseudopodia. 30-200 pm long. Fig. 174 CYPHODERIA
B Aperure is ventral or apical, and the plates are large. GOTOS9
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: B Component plates are circular or ovoid.

- 100

(99)

B Apertureisventral 20-1325 pm.

5 -

A Component plates are squarish. With lobose pseudopodia Upt to 150 ym in length.

Figs 175 & 176 QUADRULELLA

Figure 1768 Quadruleila A lobose testats amoeba, fhe test
of which incorporaies squarish siicecus plates (2) The
aperiure (1) i5 apical and, like the 1as1, shightly Sanened. A
sacond genus, Fomonells. also with squarnish test plates, has
a ventral aperture. [kffereniial inlerference contrast. (Photo
Heige Thomsen )

GOTO 100

A Aperture is terminal Some species have spines as well as plates. 30-200 um. Figs 177 & 1T EUGLYPHA

Figs 179-181 TRINEMA
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Figure 178 Euglypha Only the sheidl of this wstate amosba
5 illustrated. The psesdopodia of ving cells are filose and
emerge from the single apscal aperture (1) The e =
comprised of ovetiapping, Sai shosous scales (2) In thes
speced acine of the scales bear spines. Euglypha = one of
the morTe COMMON lestsle amoebae Phase confrast

180

Euglypha and Tnnema have filose pseudopodia
For more detailed studies, see Hedley and Ogden
Figure 179 Assulina An empty test wiach clossly r=- | (1974), Hedley et al (1974), Netzel (1972). and
sembles that of Euglyphs i having numerous overiapgang Ogden (197T9b) Taxonomic reviews are given by
ﬁmﬂmﬁwm{:‘é]mﬂ%:ﬂﬂ Decloitre (1976a, 1979, 1981, 1982) Assulina (Fig
= flatensad apernmge o termanal = "
shaped The scales around the aperture (not in $ocus) have a 179) resembles Euglypha, but there is a substantial
iothed appearance Organic matier i the test accems- |  OTGANIC content to the test, which often looks brown
lates metal jons, causing oider lests 1o become brown (J) from adsorbed metal 1ons. Euglypha 18 common in
The amosba has flose pseudopodia Phase confrast soils and mosses, and plays a significant role in soil

ecology.
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3 - : Figure 18] Thnnems. A testate amoeba with filose pseudo-
| e -] podia (1) The est = fatened dorsoventrally, and is seen
1 froimn the ventmal surface. The pesudofaocs e g fous e
mngle subapical and ventral apertae (2), attach to the
detritus, and contract 1o move the cell body. The test (3] is
comprised of overlappng scales. Thnema 18 common m
. souls {especially those with a hegh bumus content), mosses
b — and even bresh water Fhase coniras?
s
¥
101 A The test has a spiral shape and incorporates siliceous, sausage-like beads. The mouth is slit-like and
m wveniral 90-150 pm. Figs 182 & 183 LECQUEREUSLA
The genus 15 most usually referred to as Lesgquereu-
=a. The sausage-like, siliceous beads are not found
F in all species. The aperture is at the end of a neck,
2 Lz which bends away from the body. Bovee (1985a)
P' , includes several genera with this feature, dis-
b tinguished mostly by the nature and appearance of
the adhering matenal. Harmison ef al. (1976) give a
| more detailed account
' 182 -
o S8
1 . " R
_ T
=i .
Figure 183 [ecqguereusa. Testate amoeba Detail of the
test, winch ncorporates curving siboeous sausages { 1) that
are bound logether and atiachad © a layer of orgamc
matanal The appearance of the mhoeous elements is distine-
e The test s slightly flattened and the aperture opens at
the end of a short profubsrance. Ths genus = oflen referred
ii= o &8 Laapearaisss Differential inferference Conirast
B Notas 101A. CGOTO 102



A Aperture is ventral and near one end of the test; the other end of the test may bear several spines or
horns. With irregular adhering particles and lobose pseudopodia. 50-320 um. -

Figs 184 & 185 CENTROPYXIS
For discussions, see Netzel (1975) and Decloitre
(1978, 1979). *
185

Figure 184 Cenimopyns A lestale amoeba with lobose
pesudopodia an ampity test i llustresed The test has
a fafened surisce witha mngle aperhe (1) locatsd
near the amenor end The shell 8 ofien brown m colour
owing 10 the accumulation of metal ons from the envion-
meant by the organic matenial that forms part of the west. The
test may also moorporste small parbcles packed up from the
emvitonment The postenor end of the fest sdiawn out mio
& umber of ine spines (2). Bnght field

B Apertureisapical GOTO 103

A Vase-like test that is round in cross section, and sometimes drawn out as a spike at one end. The test
incorporates particles of quarnz, etc. picked up from the environment (xenosomes). With lobose pseudo-
podia. 65-400 um. Figs 186-188 DIFFLUGIA




Figure 187 Dsfffugis. The test of this common ofganism s
comprised of vanously shaped peeces of 'gnf’, adhenng o a
layer of crganc manst The gt may of may not be produced
by the amoeba bul some species are certamly able 1o
incorpotale small exransous struchmes soch as dialom
shells. within the test The body 8 round m cr0ss sechon

Figure 188 [xfluma A westate amosba with lobose psesdo-
podia (1) The compostion of the test i Husirated n Fig
IBT Active pseadopodu develop & transkent anal filsmeant
(2}, bebeved 1o contam the molecular mechansm for motlity
The test s rounced, but has a fared collar (3) around the

aperture Fhase contrast (Scale bar 100 um )
with a cocular apscal aperture and somenmes with the
postenor end dawn oul &5 a pont The pecudopodis are
obose (see= Fig 168). Brighr feid

B Dorsoventrally flattened test, with 2 terminal aperture. Pseudopodia are lobose, with irregular quartz-

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 Zivkowic (1983), and

Bonnet ef al (1581b). Motilty 15 discussed by
Wohlmann and Allen (1568)

e e

189
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Figure 1590 Nebeila. A esute amoeba The test is lattened,
as 18 the single apical aparture (1), The margin of the et &
smuchured hilee a thin flange The test () moorporates
milicecus particles produced by the protist The organism
aflaches o0 the Insde of the lest by means of fine peeudo-
podis (3] Lobose pesudopadia, of more oflen an ill-shaped
E mas= of cyloplasm (4) project rom the aperiure. ulerental
1 interferance coniras




A The organism is comprised of an anastomosing system of cytoplasmic strands, typically with :

anterior aspect broader than the posterior (fan-shaped). From 30 ym to over 1 mm. l'g. mm

This multinucleated orgamsm has been descnbed
by Pussard and Pons (1976). Uninucleate species
with a similar aspect are assigned 1o the genus
Gephyramoeba (Pussard and Pons, 1976). For sim-
ﬂa:mmmeapames,see!hgetlﬂﬂa]memucuhte

whnhﬂmmhwbmmﬂnehb—

B The organism is not comprised of anastomosing strands.

and-flow motion of cytoplasm that is charactenistic
of the true shime 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 Arachniils (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 (ie. is
polypodial).

B The organism moves as if composed of a single
which finer cytoplasmic

GOTO 106

or it has a single pseudopium from

Mlﬁ-knﬂmﬁmhﬂmmh

‘subpseudopodia’
a sequence of eruptive bulges, forming at the anterior end.

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 acoounts, see Page (1981, 1983). The plasma
membrane s coated with small scales that are visble

only with the electron microscope (Penmick. 1975)
The orgamsm has a distinctive pattern of contractile

Figs 192 & 193 MAYORELLA

vacuole behaviour in which the collapsing vacucle
is replaced by a hyaline halo (Patterson, 1981). One
species with symbiotic algae (Step T5).




Figure 192 Mayorells, A common genus of amoebae with
conical peeudopodia that are relatvely broad at ther base.
tapenng shghily towards the ap which = roanded (1) De-
wvelopmg peeudopodia have a small hyahne cap (2} Visible
inciusions are a contractile vacuole (3) and various food
vacuoles, some of which contaim ingested diatoms (4) This
QENES contams many species, with a wide rance of azes
Most are voracous scavengers and predalors, consumung
detritus and many other prolists Phase contrast

B The pseudopodia are hemispherical at their leading edge. GO TO 107

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 185 Amoeba The name Amoeba = resmcted 1o
those species that have a mumber of broad rounded
peeudopodia (1) and & single prominent nucleus (2). In the
pest the name was used for many other species. The nuclous
1= sasily seen because it has a sirengthened envelope. The
surface of the nuclees is folded Moving cells typically have
mmmmmmmmmm
podia The posterior end of the cell (uroid) (4) has a
crumpled appeamnce (see Fig 196). As contractile vacuoles
{5} bacomse larger, they end to accumulate in this part of the
cell The surface of the cell i frequemly thrown into longi-
tudinal folds (6) Calis are offten opaque because of fbod
vacuokes (more or less absent from the cell illustrated), hpsd
droplets, and crystals inmde the cytoplasm The species
seen here is A profeus. It is large in companison with most
amoebas. Cenerally similar in appearance s Chaos, which
has multiple nuclsl Phase contrast. (Scale bar 100 pm.)




This genus has been extensively studied (Jeon,
1973; Page, 1981, 1984). Many species have been
uncritically 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 186 The uroid of Amoeba. The uroid is a crumpled
region that appears at the postenor end of naked lobose
amoebae az they move. It is believed o form as a con-
sequence of the actin-myosin interactions that propel the
cell There are a number of distinctive typas of uroid, and
they may be used to distinguish different genera and
species. This i a monilate wroid. Phass confrast

i
2

Figure 197 The cyloplssm of Amoeba. The
brane (1) lies towards the top of the pichae, The most
prominent organefle is the nucleus (2). the envelope of

around it are smaller vesicles which fuse 1o fill the vacusle.
Mitochondria (slightly lsrger than lysosomes) chisler |
arpund the contractile vacuole Other visible eyteplasmic
organelles are ipid droplets (5) and angular, refractile
crystale (6) (a by-product of mitrogen metabolism). All of
these organelles are carrted around in the Bow of cytoplasm
as the cell moves. Differential inferference contrast,

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

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

Fig. 188 CHAOS
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- ﬁ A mmmmm;mhmmmtmmmmﬁ GO TO 108
108)

B The body is not like a simple tube. Large or small projections may be present, or the wall may be
ridged. GOTO112

lﬂ A Relatively large (2002000 zm) and dark cells. The cytoplasm contains refractile quartz grains. The
{lﬁ!} 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 18 now regarded as being related to
Mastigamoeba, as 1t has small non-motile flagella
(Cniffin, 1988). Many species have been assigned to
this gemus, but it probably houses only one (common)
species, P palusiris (Margulis ef al, 1990; Damels,
1973), which is said to have a complex life cycle in
lemperale regquons.
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Figure 199 Pelomyxa A monopodial ameebs Dunng | = E .',J
movement a stream of cytopiasm moves along the central R S _;f'_
| axiz of the body (1) A simple wroid (2), which = villous in g Y
i some individuals may give rse 1o some "a_n.r- filarreants e 3
| Short inactive flagella emerge from the cell syface. but .
these cannct usually be distinguished fom baciena (3)
!_i which adhere o the cell The oyiopiasm = usually cpague,

as il contains numernus sand grains Food mostly fils-
mentous slgae, is ingested at the posterior end of the cell
There 15 probably only one species, P pelusiris, which
| vanes considerably in size N s found in anoXic of micTo-
asrophibc babitats, and 18 & member of the Pelobiontida
Differential mierference conirast (Scale bar 200 pm.)

B Without sand grains. GOTO110
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A Smallamoebae (10-35 uym). The hyaline cap is usually easily seen in moving cells. Without a
prominent uroid. Fig. 201l HARTMANELLA

For more detailed accounts, see Page (1980, 1986)
There may be aggregative phases i the life cycle 201

B Hyaline cap usually absent. GOTO111

A Small amoebae (usually less than 50 pm) with a villous bulb urcid with thread-like extensions drawn
out 1o a greater or lesser extent. Figs 202 & 203 SACCAMOEBA

For further information, sse Page and Siemensma
(1591}

J.J».- %
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Figure 202 Saccamoabia. One of several genera of small
amoebae tha! have a simple monopodial appoarance
Hartmannedla and Cashis are the most likely geners o be
confused with Saccamoeba They may be distingmshed by
the: appeaarance of the uroed (| ). wihach m this gonus 15 of ths
villous bulb type, and by the presence or absence of the
hyaline cap, which o very much redoced of absent epe
Movemnent 5 gracksl e withou! penods™ {eTuptve ) Duicing
of the antencs end of the cell The mcluson (7] = an e
e Phase coniras
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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)
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A Small amoebae (generally less than 30 jum) 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 vanety of amoebae (Page. '
1988) including the vahlkampfiids, which may pro-

duce flagellsted stages, and the uninucleate

amoebae of the acrasd slime moulds, which have

been combined w0 form the Heterolobosea (Page
and Blanton, 1985). Olive (1975) gives an account of
the sime moulds Page (1985) also compares the
vahlkampfiid amoebae with the hartmanellids (see
Step 110) Two genera of these amoeboflagellates
Naeglena and Tetrammtus, are fairly common and
have been keyed out (Step 53) in their flagellate
form. One member of the genus Naegilena 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, 1981) to be studied.
P b r the process of resorbang their lagella (1) as they revern from
. \ ) the flageliated 1o the amoeboid form. Amoebee are mono-
s N\ {:j | podial, but they move with the cytoplasm bulging out at the
il - tront of the cell n a senes of eruptions. Visble components
== o dmﬂﬂmmmmmuﬂnmm

205
Figare 206 Neegleriz A wahlkampiid amoeba forming
par of the Hetevoloboses |1 has been called an amosio-
flageliste. as both amoeboid and fageliaed stages may be
f:\ adoptad dependmg on the prevading envitonmental con-
A dibons. Ties photograph shows & number of mdonduals m

be aclieved by hght microscopy alone. [Differential inter-
ference confrast I

B mmmqmnummmmmmmumnﬂ
GO TO 113

102
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A Cells with prominent bipyramidal crystals. Some species have an obvious stiff coat (tectum) of fine
scales. Cells 15-200 yum long. Figs 161 & 162 COCHLIOPODIUM

B Notas113A GOTO 114

A Cells with fine pseudopodia extending from a broad hyaline zone. Usually less than 25 jum in size.
Figs 207 & 208 ACANTHAMOEBA

ﬁmnthmmehaa extremely common in soils
(Iﬂﬁ}undl’am{lﬂ'?ﬁ}damnhummal

emerging
from a broad hyaline front These pseudopodia are

care must be taken to distinguish them from
pseudopodia of some filose amoebae, particularly
those of Nucleana One species s 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).

Figuwre 208 Acanthamoeba An amoeba with filose ‘sub-
peeudopodsa’ (1), which are short thread-like sxtensions,
dstinguishahie from the Slose pemudopoda of filoss amoshas
because they anse ffom a clearly vistble hyaline cap (21
Major visible organelles are the oucleus (33 with a pro-
minent nuciechs, and the contractile vacuole (4). Several
food vacucles (5) are present st they are empty, as this
g o L8 was taken from an axemc fhod culture. This genus
“& B T grows reachly under soch conditions and has become a
LA™ Ppopular organssm nr expenimental studies. It 18 abundant m
. many soile Af less! one specees is a facultative pathogen,
caumng nfismmaton of the eyes (keratits), especally m
contact ens wearers Differeptal mferforsnce ooniras!

B Without subpseudopodia. GOTO115

103




A The dorsal surface of the amoeba (30-200 um) has slight folds running longitudinally. The hyaline cap
is very prominent. Figs 209 & 210 THECAMOEBA

Systematics are discussed by Page (1976, 1977,
1978) and Singh et al (1981)
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Figare 210 Thecamoeta Thes gemes mcludes monopodial
orgarisms whach are distinguished by the prominent folds
(1) thar extend more or less longitudinally along moving
cells. The hyaline cap region () 15 very promineni. The
larger organeiles visible mmde the oedl are the nocleus (3),
with s proqunent nucieclus, and the contractle vacuole
(4). Phase contrast

B Fan-shaped cells (10-80 yum) without folds. The hyaline zone is
References Bovee, |1965; Page, 1579,

Figs 211 & 212(a) & (b) VANNELLA

ALL SCALE BARS 20 ym UNLESS OTHERWISE INDICATED
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Figures 212(a) & (b) Vannells The two pictires illustrate
different speckes in the genus, which is distingueshed by its
fan shape with a broad, distinctive hyahne cap (1) rming
the anterior of the cell The cyiopiasm contains one or more
coniractile vacuoles (2) and noclel (3} Vannella mostly eats
bacerna The ower magnification photograph also shows
Rhynchomonas (4) and Bodo {S). Fhase contrasr

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

The ciliates are a successfiul group of micro-
consumers, and are encountered n most fresh-
waler habitats. Their large size relative to other pro-
tozoa (the majorty 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 clomps, m which individual cilia may
be dificult to distinguish. Such aggregates are used
for particular types of feeding or motion. It 1= usual to
distinguish between cilia on the general body surface
{somatic cilia), and those used in feeding and
occourring 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 itllustrated in Figs 255
& 258) 1o create currents of water from which sus-
pended particles may be isolated and mngested.
They are filter feeders, mostly consuming bacteria,
but the mechanism has adapted or been superseded
in some species 1o allow the cibates 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 exiends
from the antenor of the cell to the site of food inges-
ton (cytostome) (Figs 264 & 322)

Ohgohymenophora 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 aigae, ammal
tissue, or other protists, Predatory species have ex-
tnisomes 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 1= employed to manipulate particles mto
the cell,

Some ciliates are normally sessile and, of these,
some dc 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 e in rows called kineties (Figs 339
& 359), wiuch run along the length of the body. Loco-
motor cilia of crawling species are often confined to
the ventral surface, and in hypotrichs (Step 136)
they are in the form of aggregates (curn: Figs 260 &
262).

The evolution of ciba as a behavioural modifica-
mnﬂihgﬂhhmmmedmmﬂm
among the protists (e.g. the parasitic opalines, n
M:.hmha Hemimastix see Patterson and lm

seen easily. It may be spherical ovoid,

lorica attached to substrate.

the body, but most prominent at the anterior end.

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 somatc 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 stuches 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 (1965).
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H&&mmnmmmlrmnhm atus (Fig. 255).

B Ciliates with a strong colour, or cells without obvious cilia (suctoria and heliozoa).

elongate, or like a string of sausages Ciliates divide
by transverse fission and have a process of sexual
reproduction called conjugation (Fig. 344), in which
two cells fuse together in the mouth region.

This group is well studied The biclogy is re-
viewed by Corliss (1979), Jones (1974) and Nanney
(1980), and evolution by Small and Lynn (1981). The
civersity is well covered in Lee ef al. (1985), Curds
(1982), Curds ef al (1983) and Kahl (1930-35) with
English-language guide by Patterson (1978). Def-
initive identification nf m m and mm

by O g W ]

GOTO 188

A Cellsthat swim or crawl around freely; this may include cells normally found in mucus sheaths
associated with debris, but which are encountered as free-swimming cells (see Stichotricha Figs 218 & 219,
Cyrtolophosis Fig. 329, Stentor Step 118, or Calypfotricha Fig. 330).

GOTO 131

B Organisms firmly artached to the substrate, or in mucus or other material bonded to substrate, orina

GOTO118

A Large (upto | mm) cone- or trumpet-shaped cells that can attach at their posterior end. Cilia all over

Figs 213-216 STENTOR




Figure 214 Stentor (see also Fig 215) Mustrated 8 5 coens-
keus the blue speces which is one of the largest in the
oemm All speces can attach to the substrale by meansof &

holdfast (1) and when melaxed and feeding they have 3
trumpst shape Peeding 5 achieved by the membranelies
() whuch run around the fanened antenos end of the cell
Lo the adoml sone of membranalles (AZM]) The comtracnis
vacuole (3) les adiacent 1o the cylomome. A lew somanc
il (4) may be seen prowectung rom the thun part of the cell
Bright field closed condenser i [Soaks bar 100 pm )

Figuare 215 Sentor (see also Fig 214) Detadls of (he arrangs-

ment of laneses { 1) and of the adoral 2ope of membranalles
of § coeruevs Af s mner end (2), the AZM descends mioa
buceal cavity. The presence of an AZM indicates thar tas =
a sparomch (polvhymenophoran), and the somanc onetes
reveal i 10 be a heteroinch The biue pigment i related o
the pink coloraton of Blepharsma (Fig 325) and may be

physoiocheally adapove [ifferental inferference conirast
(Scabe bar 50 pm.)

Figure 318 Stenfor. Thes 1= a small, colourless species of
Stentor. Howewver, ke other species. if attaches to the sub-
strate with the namow postenor end. while the antenor and,
with it marginal adoral zone of membranelies (1), becomes
disc-bike The beating of the membranelles s co-ordinated,
but shohtly owt of synchrony. resulting in & wave-Liee pro-
e Ths kind of co-ardimaton = ermed metachronal. The
basal end of the cell = enciosed wiflun a muoous sheath (2)
mto winch the cliale may conitact A fher-leeding mbies
(mestazoan) 5 also Mustrated (3) Dark ground (Scale bar
OO )

The body is not evenly coverad with cilia.

GOTO118
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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

3 11 e
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Fig. 217 CHAETOSPIRA

Figure 219 Stchoimcha A hypotrich ciliste, wsually en-
countened with its postencr end attachad 1o the debns and
usually in a lonica made of mucss (1) The adoral zone of
membrancles (2} leads from the front of the cell 1o abow!
halfway down the body. The cim (J) ke a spisal psth ob
the: body. This indivicdual contains symbiobc aloas (4] D
lerennal mierference conirast

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 partcularly evi-
dent in healthy sewage-treatment plants (pp. 190 &
121). For overall acoounts, see notes afler Step 116,
but for taxonomic revisions of particular groups, see
Foissner (1979a & b, 1980, 1981), Fomssner and
Schiffman (1974). Matthes (1981b), Patsch (1974),
Roberts ef al (1983) and Guhl (1979). The most
widely encountered genus, Voriicella, s a tax-
onomic nightmare (see Patsch, 1974, for an account
of some more common species). These organisms
have evolved from motile Ohgohymenophora, and
in adapiing 10 a s=sule. filer-feeding mode of hife
they have lost the somatic ciia A single postenor
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
seagiline peritrichs A second group, the mobiline

THE PERITRICHS GOTO 120

pentnichs (Matthes er 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 o have secondanly lost
the stalk. and they are able to swim around (Figs 373
& 390)

In pentnchs, one of the three membranelles that
characterze 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
couling strand within the stalk (usually). and extending
into the body as a senes of fine fibres
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A Species without a lorica, they attach 1o the substrate by a stalk. GOTO 121

B Species with a 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 10 be taken to distinguish each other. Most pentrnich colomes are arbores-
between gregarnous peritrichs that retamn thewr indi-  cent, an exception being Ophrydium, which forms
widuality but cluster together, and colonial or- large gelatinous masses on immersed surfaces
ganisms in which the cells are mtimately joined 10 (Figs 244 & 245(3) & (b))

A With contractile stalks. GOTO 123

B With non-contractile stalks. GOTO 124

A The contractile element leading from each cell connects with neighbouring ones. This is most simply
determined by jarring the colony so that the peritrichs contract. If the contractile elements are joined
together, the entire colony will usually contract simultaneously. Individual cells measure 50- 100 pum;
colonies may be many millimetres long. Figs 220-222 ZOOTHAMNIUM

Speciea in this genus have proved amenalile 1w ex-
penmental examination (Suchard and Goode, 1982) 220
General comments are to be found in Wessenberg-

Lund (1925), and taxonomy in Bierhof and Roos

(197T).
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Pigures 2| & 222 Zoothamniurn (with Amphileptus and
Petalomonasy Zoothamnium s a genus of penirich ciiates
that forms arborescent colomes Fig 22| (differentia!l miser-
ference contrast, scale bar |00 um) shows the genems!
appearance of the btanching colony. A predatory ciliate,
Amphilepus (1), moves around the colony, eating indi-
sl cells Fig 22 (Phase conras!) Cenenc dentifics-
tion of many colomal perirchs rests upon the details of the
stalk (1) Inside the stalk bes the contractile spasmonemse

(2). The distingushing feature of Zoothammium is that the
spasmonemes branches and i3 continuous theoughow the
colony (cf Fig 223) As a result, the entire colony usually
coniracts simultsnecusly. Also vistble are the cilia used for
feaching (3}, the boccal cavty (4), mio whech fod is driven
bedore being enclosed m food vacuoles. and & comtractile
vacuole (5) Crawhng across the salk = a coloutiess
euglenid anellste. Petainmonas (6] (of Pigs 834 B4). Phase

copras

B Each cell of the colony can contract independently, the spasmonemes of the different cells not being
interconnected. Cells of most species are between 50 and 120 um long; colonies may extend to several
millimetres. Figs 223 2325 CARCHESIUM

See Kahl (1930-35), Foissner and Schuffmann (1974),
and general pentrich references for taxonomy.
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spasmopeme (Z2) bul the spasmoneme emanating [om
each ool is nol conhinuras with any others (cf Fig 222
Consequently. each cell can contract independently of the
entire colony. Also visible are the feeding aba (1) and the
buccal cavity (4).

A The buccal (feeding) cilia extend around a shor mushroom-like structure (peristome) which extends

from the top of the body. Cell length 25-250 um.

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

Figs 226 & 227 OPERCULARIA

Figure 27 Operculsna A colonial sessile ciiate The
membsrs of the colony are misrconnected by a branching
stalk system (1) Thete are no contractile elements within
the stalk These organsms (ke a small number of other
genera) have thel feeding clia on a small pedestal (2) Also
vmbile are the contractie vacuoke (3) and proliles of the
macTomeciens (4) Difflerennal mlerference conirass
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B There is no protruding peristome. Cell length 50350 pm, but mostly under 100 um. Colonies may
measure several millimetres. : Figs 228-231 EPISTYLIS

Small and Lynn (1885) include three genera of col-
ornial epistylids

Figures Z230 & 230 Epistylis. A genus of sessile pentnichs oell eontracts mdmvidually without contraction of the sk
that forms arborescent colonies (of Figs 220-227) Fig 228  Also visible are the feading cilia (2) aroond the anterior end
(differential inferference contras!, scale bar 100 pm) shows  of the cell; the bucocal cavity (3), into which food 15 passed
an entire colony. Fig 230 (phase contras() shows a typical  belfore being enclosed within 3 food vacuole: and vanous
simated stalkc {1). Members of this genus lack a contractile  food vacuocles within the body of the cell
spasmoneme within the stalk (of Figs 222 & 275), and each
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Pigure 331 Epistyfis An epuoibe growth forming a omall or 5
the suriace of & copespond. Epaaoitss are orgamames that growe —

on the outside of othar anunals, but they probably do not
cause any harm The relatonship illustrated hare @ licaly o
bes & [mcuitatve cps. in which the ciliate gains food from the

i feeching currents of the metamoan. Epestyis
= ool the only peninch abste encounterad A5 an epaannie
n copepods. Derk ground

A With a contractile stalk. Length of cell varies from species to species; most are between 20 and 125 i
200 um, most commonly 40-80 um. Figs 232-236 VORTICELLA azn

Vorticella 1= a very common genus, the faxonomy of special preparative procedures are needed 1o disan-
which 1= confused {see noles afier Siep |19) Some  guish them (see Curds ef al, 1983)

genera other than Vorticella will key out here, but I

Figeme 333 Vorficeila A common peninch clate The only
cilis that are present are the wreaths of feeding cbs (1)
made of an upper bared (1), which corresponds o 2 mem
brans(le and generates currents of water for feechng; and a
owel band (2), which cormesponds o the undulahng e
brane (see Fig. 234) Food is passed through a buccal cavity
{3} belore beng packaged within food vacuckes (4} Many
perinichs are supporied oo salks This malees thess val
pezable 1o predaiors. Some protection 5 provided by stalk-
contractilty. allorded by 2 spirally contractidle thread or

spasmoneme (5] The contrachie slements of the spasmio- i
nEme pass o the body (61 [Eferental inferferencs con
=
-
. il
]




¥ Figure 234 Vorticells (with Moposgs) llostrated ate the
v ciiary organellss mwoived in the capture of food. The cilia
emerge albng the mner margin of a nm {1} at the upper face
. of 1he bell-shapad body. The currents are created by the
— i upper band of cba (Z), which beats with a co-ordinated
] wave-like panem Individual cilia are visible. The current
passes theough a lower comb-like band which 3 visibie in
' profile (3 The colla Dagellakes (4) we e Virucells Ka
support. The cenfral undulating flagelium and the collar are
viaihle in one of the flagellate cells (4) Diferential interfer-
— ence contrast

21 |
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Figore 238 Vormncells drnding Like many sessile protozoa,
Vorticells produces & mohle daughter cell It is calied a
swarmer or telotroch larea. The dauchter celi (1) develops
near the base of the parental cell (2) The daughter cell has
an addinoral weeath of cilia, the rochal band (3L which
used for propulsion (s2e Fig 102} The bassl trochal ciba
are iost afer the larva has ound somewhere o setle
Trophic celis may also produce & basal band of cillia ender
unsvouEble conditons Phase coniras

i ¢
|
MR S

Figure 238 A peninch telofroch larva Blustrated 152 motle
swanmer prodoced by cell divimon This cell may swam
around untt] it finds a suitable place o seftle. Propulson
ooours by means of a basal wreath of ciia (1) The anternior
end of the cell {2} = pulled in, 80 that no feading ocours
Corsequently, no food vacaoles are present i the cell, bat
1he boccal canty (3) and a part of the mactonucieas (4) are
visible Differental inferference contrass

B Witha non-contractile stalk. Cells 20-100 ym 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 a lorica. The cell attaches directly to the substrate with its narrowed posterior end. There isno
stalk or the stalk is indistinct. Cells 20-100 um long. Fig. 237 RHABDOSTYLA

B Celllocated in a lorica. Only the anterior portion of the cell extends while feeding. GO TO 12T

R Thelorica lies along the substrate, to which it is attached. GOTO 128

B The lorica is attached to the substrate by its posterior end. GOTO 129

A Cellattached toa loricaalong 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 (1885) refer to it as Circolagenophrys. See

B Celisantached to the lorica by their posterior ends. Lorica without a flap. Lonica 50-150 pm long.

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

s




STEP

129
(127)

130
(129)

A Lorica with an internal flap which closes behind the organism as it withdraws into the lorica. Cellsup to

200 ymin length.

See Eperon (1980) for comments on this genus

B Loricawithouta flap.

A The lorica hasa stalk. Cells of most species are 50-150 uym long.

For a discussion of this genus, see Matthes and Guhl
(1973).
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GO TO 130
Figs 240 & 241 COTHURNIA
fr .
{1
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Figure 241 Cothurnia A loncated pentrich ciliate Tha only
visible cila are thoss thal form a wreath (1) amound the
antericr end of the cell These lead into the buccal cavily
(2), where food vacucles are formed The contractle
vacuaie (3) lies alongside the buccal cavity. The surface of
the o2l 15 inely sinated (4). The lonca 5 organic and sits on
a short foot or pedestal (5) Differenbal interference con-
trast




B The lorica antaches directly to the substrate. Most species are 50-200 ym long.
Figs 242 & 243 VAGINICOLA

Figure 243 Vagmweola A loncawed penmch cliste The
only cilia that are evndent are those i wreaths at ths anterior
end The cvioplasm of this species i green (2] owing ©©
syminohc Jgreen alkgae The ciliases.project from the lonica
(3) when feeding but can contract im0 # for profection
when sumulsted, &g by vibration. I! & not uncommon for
two olls 1o inhabet the same lonca. A contractile vacuols (4)
is visible. The lonca = attached 1o a Slament of the green
alga Cladophora Phase contrast

A Cells that normally crawl against the substrate. GOTO 132

Care is needed as many gliding ciliates may swim, compressed, swimmng ciliates may be squashed,
although they do not normally do so. It s best 1o and thus incorrectly mterpreted as ghding Ghding
leave preparations for several minutes until cells species are ofien flattened, presenting one (ventral)
have settled into their usual patterns of behaviour. In  surface of their body to the substrate, whereas
preparanons that are drying out or are otherwise swimmers may twist or rotate.

B Cells that do not normally crawl over the substrate, but either swim freely or are embedded inthe
substrate. GOTO 154
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Figures 344 & 345(a) & (b) Oplwydeen A coloma! sesmle the colony. at progressvely lgher megmeficanons (dufieren-
pegiitich cbate The mdmdual cells are embedded n a pal interference coogast) The cells are green becmze
gelatinous matrte g 244 shows how the colomes (1) may thery CORtam symbeotes green algas (3] The wreath of feed-
appear o the naked eye on the surface of 8 rock (x ¥) The ing cibia (4) = vimble at the antenor end of some cells
wo pansof g 245 show the cedls ( ) withan the marx (Z)of

A Small, flattened cells with a small number of prominent cirri on the ventral surface. Feeding structures
are not obvious. Cell length 20- 100 jum. Figs 2465 & 247 ASPIDISCA

Aspichisca 18 a common genus, the dorsal surface of patch of membranelles lying in the postenor half of

which may be ndged, with the margins pulled out the cell For taxonomy, see Wu and Curds (1979). A
into small spikes. The mouth 1s compnised of ashort  hypotnch (see Step 136)
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Figure 246 Aspidisrs This gemis includes some of the
smallest hypotrich cihates However, members of ths
genus are unbke other hypotnichs because the adoral zone
of membranefles (1) does not [orm the characterisnc coflar-
and-lape! arrangement. Instead, the AZM is mounted on a
short stalle, and appears o be used to sweap the substrate,
An anterot segment of the AZM {2) is visible, but it 5 usaslly
not possible o see iU The organism can useally be dent-
fied by the small mumber of strongly devedoped cirni on
whach it moves The transverse cirmn (3) are relatvely easy
to see; the remainder form the frontoventral clester. The
body is stifl and the margins may be drawn out info short
spikes Phase contras!

B Ciliates that clearly have a mouth, or in which the location of the mouth is easy 1o identify because of

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 anterior 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), endent 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 Flanened 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.

Figure 348 Glascoma. Members of ths genus are flattenad,
with the mouth on the ventral mde {a= shown here) The
three membraneles (1) sssocsted with the mouth are very
well developed: they may be used 10 brush parmicles of nod
{(winch adhere ioosely 1 the substrate) mo the mouth. Also
vimble s the undulating membrane (). a part of the buccal
cihary apparans. Near the posterior end of the cell 1 a
contractile vacuole (3), which hére has the pore in focus
The organism 5 evenly alisted Diferental interferancs
oonirast,

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

Taxonomy 18 discussed by Jankowska (1968), and
structure by de Puytorac et al. (1974)
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. 'R hF Figure 2351 Cinefoctulum, A common bacternvorous Glilée

§ The organism s flattened, and the mouth (1) and its assoc
i, ated cilisnure are endent i the postencr part of the cell

Ths organssn = distnciive Decauss of e ety ong
traikng ol (2) and the ondulahng appesrance of the
dorsal’ srfsce (1) Food vacuoles (4) amd &2 ocontractile
vacuole (), whach are located more postencily, are also
vimble Phase contrast

A Body with kineties (a heterotrich, see notes after Step 157). May be green with endosymbiotic algae.
Cells 100-300 pum long. Figs 252 & 253 CLIMACOSTOMUM

See Peck etal (1875), Fischer-Defoy and Hausmann
(1981) and Foissner (1980a) for accounts of this
genus Other genera i this termtory are Con-
dylostorna (Fig 320) and Pernfromus, which are
more usually encountered in brackish or manne
sediments,
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Figure Chmacosiomzan. A flanened heteroinch, wih
the adoral zone of membranelles (1) curving around the
fromt of the oell, and leading mio & well-developad buccal
cavity (21 A portion of the macronucieus (J) sevident as =
the contrachle vacuole (4] The green colour = caused by
endosymbiotc green algss m the cytopleasn Howsver, not
all species are green Despite the presence of algae. this =
a voracious fesder. takng in suspended or small particles
[fferental interfereance contrast




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 cirri to ‘walk’ over the substrate.
They create currents of water with the adoral zone
of membranelles (AZM) and extract bacteria or
other small suspended particles, although some
species use the AZM to brush diatoms or other itlems
from surfaces, so that they can be eaten Some
species have the cur arranged in a few small
groups (sporadotnchine), but most have them in two
or more rows (stchotrichine). Small and Lynn (1985)
have segregated these two types, as if 1o suggest
that they are only distantly related.

A With stiff bodies.
B With flexible or contractile bodies.

HYPOTRICHS GOTO137
Hrpnuthsammnmamammmm

mmﬂ&mm&nd&mﬂm
silver-staining facilies are not available, and gen-
eric identifications must be regarded as imprecise.
Different categones of cirn are identified from their
location (marginals, frontals, fronto-ventrals, caudals
may protrude from the
dorsal surface See Borror (159789), Foissner (1982)
and Fleury et al. (1986) for accounts of the group.

Figare 255 Fanersondls. A hypotnich stained with protargol
This silver stain selects negatively charged proteins, sach
as the lubulins in cilia and the histones on nuclel. The stan is
recuaired in order 1o show the positions of cirri in systematc
stuches on hypotnichs In this pholograph the stan reveals
the closedy packed cila of the adoral zone of membranedes
(1), and of the marginal (2) and frontoventral cum (3) (see
Fig 254 for erminclogy), the macronuche: (4) and micro-
nuchei (5 and the cilia compnsing the undulaing mem-
branes (8). Bnght flekd closed condenser s




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

around the back of the cell. Body 50-300 um long.

Chﬂo{mahrmhmmﬂunmsmm

are descnbed by Ammermann and
Sﬂ:hgal(lm}ammgmwd{lmm—
havioural biwology by Machemer and Deitmer
(1987), and electron microscopy by de Puytorac et
al (1976).
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Figure 2367 Styionychis. This genus inclodes 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 ofien be distingushed
by the three long caudal cirri (3) One or two other genera
have smular candal o, but in Stylomychia, although the
marginal cumn (3) form rows along the mdes of the body, they
do no! continoe arcund the postenor end The two parts of
the macronucieus (1) are sasly seen Differental mterker-
ance confrast

Pigure 388 Stylonyciua (cf Fig 257) This view illusirales a
number of the features that characterize hypotnich ciliates.
They have a well-developed adoral zone of membranelies
(1) which forms a collar around the front of the cell, and a
lapel lsaching 1o the cyicstome on the ventral surface Most
specyes prncipally have Incomotor cilia on the ventral sur-
face, and these are in the form of clhary sggregates called
‘cirrl’. In some species, these form rows very much like
lanetes, in others, as n Syjonycha. most or all of the crri
are m clusters These mchude margunal cirmi (2) at the lateral
marguns of the oell. an anghed hne of Tanseerse cirm (3} near
the postenior end of the cell parhaps some caudal curi
(present in this genus, but not dustrated here — see Fig
25T). and patches of frontoveniral cun (4) extending from
the anteror part of the body and down the ventral surface
Differential mterference conlrast.
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B Without protruding tail cirmi, and without complete marginal rows of cirri. Dorsal surface may be

ridged. Body 30-100 um long.

Common and widespread, this genus 15 described
by Curds (1875), Gates (1978), and Hill and Reilly
(1976). Uronychia (Fig 262), with strongly developed
oo, 18 related, bul s more commonly found in marine
or brackish walers
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Figs 2569-261 EUPLOTES

Figure 380 Euplotes (cf Fig 261} A common and wide-
spread hypotncn cihate. This unfamibar wew from the side
of the ciliate efflactively illustrates bow the ventral cirri (1)
tha! charactenze hypoinchs are used for movement over a
mibstrate The adoral zone of membranalles (Z) draws a
current of water under the cell wwards the ‘cyiostome
Suspended particies may then be removed by the ciliate
from the current Phase confrast

Figure 361 Euplotes (of Fig 2600 A wew of the ventral
surfsce of this hypotnch chae The adoral zone of mem-
braneiles (1) forms a collar around the front of the cell and a
lapel lsading to the cylostome (2). To the (cell's) night of the
motth 18 the undulating membrane (3). The locomotor cilia
are in several clusters, the mosl obvious of which is the line
of transverse cirmi (4). Others include the frontoventrals (5)
and the caudal cirri (6) An oul-of-locus contractle vacucle
(7] iz alao evident. Differannal interferance contrast

Figure 362 Uroaychua. Oneof the more heavily shelatalized
hypotnich cifates The transverse cun are axremsly well
developed () and appear 1o be iotally mmobile. Howeyer,
thess cells may ump quickly, and the curl are perhaps
brought into use then This kind of hypotnch (there ars
sevaral similar genera) does not walk, bul swims or glides,
préesumably usimng the adoral zone of membranelas (2)
Phase contrast




A Cells with no more than two complete rows of cirri on the ventral surface, although other cirri may be 139
GO TO 140 (137)

present either singly or in small groups.

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 not in 140
Fig. 2630XYTRICHA  (139)

discernible rows. Body 40-200 pm long.

Foisener and Adam (1982) provide an imtroducton 363

1o the diversity in the genus o
S
e 1
AP . S=
=, oyt .

B The marginal rows do not meet around the posterior end of the cell. Some species are contractile. Body
50-200 um long. Figs 264 & 265 TACHYSOMA
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Figure 385 Tachysoma (and a hehodbon) Thes hypotrach
haz wel-developed (mmotile) dorsal bnstes () wihach
mught be confused with cin. Some of the marginal cirn {2)
can be seen and the (rEnsvarse cum (3} are very ocbvous
The adoral 2one of memiyanelles (4) bas the typeoal coliar
and-laped arrangement A conttactile vecuoke (5] & vimbie
Alsc evident m the pectge s a centrobebdian hebozoon (6)
recognizable as such by the narrowness of the arms and the
prominence of the extnscmes Phase contras
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A Asingle line of cirri extends between the marginal rows, from the region at the right of the mouth to
more than halfway along the cell. Body 70-300 um long. Fig. 266 AMPHISIELLA

SﬂFm[IMthrdmﬂﬂm 268
genus.

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

A With rwo rows (alternating, zigzag pattern) of cirri running along the middle of the ventral surface of the
body. GOTO 143

B Cells with two or more (typically 4-12) ventral rows of cirri in addition to the marginal rows. The
mﬂ-hhmmdmmu.mmummm

See Borror (1979) and Foissner (1984c) for a discus- 287
sion of this genus.




Figure 288 Hoicsncha. Whersas many hypotrichs are nged
and have com m chesers. others, bive Holosncha, are Benable
and most of the cun are in tows As with all hypotricha
thers 3 an adoral zone of membranelles (1) n a oollar-and-
Epel arrangement &1 the antenor of the cell The =te of the
unchulating membrane (2) 5 endent Mos! com are depiloyed
i three longitudinal rows consistng of one (sgzag) hne of
mudventral curi (3) and two marginal rows (4) Only one
margnal row can be seen clearly here There s also a
cluster of longer. postencs, bansverse cirm (5) and a chuster
of antenor. fronsal can (8} Diferennal mierierence contrast

Figwe 270 Epiclintes A fexible hypotnch commeonly
found in manne habiats Howewer, this mdmwidual was en-
countered m seduments from a very low sabnity estesrine
site. Vimble are the adoral rome of membranelles (1) and
the marginal (2) madventral (3) and tansverse (4) cumn
Phase contrast (Scale bar 100 pm )

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

Figs 271 & 272 UROLEPTUS

There is some debate as to whether ciliates withthis second being Paruroleptus (Curds et al, 1983
form should be placed in one genus or two, the Borror, 1979)

,..l‘,'.l.-..l""t_.i' ol
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Figure 272 Faruwroleptus A Dexible hypoinch cliate n
which the lboomolor cirmi are in rows. just wisible in this
picture aze the margunal rows of ventral crn (1) and, pos-
enctly. & few of the om of the mudventral rows (2} wiach
extend from the antenor of the cell The csll has the rypical
collar-and-lapel arrangement of membranelles (3) at the
antemior @nd of the cell This genus (and some othar hypo-
inchs, &g Fig 264) has immotile domsal brsties (4) which
may be mestsicen by com. The two pars of the macsomucheun
(5) may be seen Diferental mierference conirast
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A Mouth(identifiable by associated cilia, extrusomes or nematodesmata) located at the anterior apex of
the cell. GOTO 145

B mmmmummwﬂmmmmmmugﬁﬁﬂ

A The anterior part of the body, which bears the mouth, is rounded in cross section. The body tapers
anteriorly, and a wreath of longer cilia may surround the mouth. However, they are not used for sweeping
food into the mouth. The rest of the body is evenly ciliated. Body 40--400 um long.

- Fig. 273 TRACHELOPHYLLUM

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

Pigure 374 Chaenda and AMesodimim. About half of the
Chaenea cell s visible (1) The organism @ long and worm-
ke, with a mouth (2) at the apex of the cell [t is evenly
ciliated (). Alongside 8 Mesodimum (4) This small cilsate
i mostly encountered in manne of brackosh water hahitats,
where f & common and widespread, bur it 15 oocasonally
found in freshwaters. It has a waist region from whch rwo
syswem= of cilia anse: one hes m contsct with the posteror
half of the cell, the remainder stick out, Lioe curi A numbet
of capitate tentackes (6) project from the front of the oeil
They may be resorbed if the cell is subjected 10 mechancal
shock Diferennal immerference contrasi

B Mouth region faitened (spatulate). GOTO 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 yum long. Figs 275 & 276 SPATHIDIUM

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

)
.4
<

Figure 218 Spatisdien (sene lewn] A fattensd predatory
and scavenging clate that is ound m soils a2z well as m fresh
waler Exfnmomes underbe the angled mouth (1) ai fhe
antenor of the cell Also nsble are the cila (2) and the
contrachie vacuocle (3] A long. meandenng macronucieoss
(4) = pust dmcermble Diferential iferferencs contrast

B Although the mouth is broadened, it is not noticeably the widest part of the cell. With many contractile
vacuoles. Length 150-650 pum.

The most common species 1 H vermuculare,
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 flatencd, nibbon-like, shighily
contractle predgalory cbiale, normally Sound gadmg along
or within detrites. At the anternor end = an arc of kaling
".-I-TlL‘i..!'".‘-E"-‘% {iodicysts) (1) mdicsting the location of the
mauth (o Fig. Z79) A Ine of contracile vacucles (1) and
some of the kincties (2) are also evident Fhase contrast
{(Scale bar 100 pm.}

Figure 278 Homalozoon. Detail of the antenar end (of Fig
219} Individual extrasomes (1) e undet the mouth. Shghtly
behind the mouth isa p&ml:'r»ar!m-ﬁi mass (2} of refractile
granuies; the function of which is not well understood, but i
has been obsarved that it 5 used up during feeding Also
visible are cilia (3}, lanetes (4) and contrachle vacunles (5)
Phase 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 mouth is located ventrally, and is typically surrounded by a nasse or basket of rods.

GOTO 148

GOTO 150

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

100-600 pm long.

The body is 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 = most cbvious in the vicinity of the cyto-
pharymx, which leads from the cytostome into the
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Figs 280 & 28] 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. Ususlly encountered in micrcasrophilic
habitats such as anasrokic sediments or bodies of water i
which thermal stratification has ocowrred. The arganism &
flattened, with a concave buccal region (1), From this area
leads a cylopharynx (2}, around which golden gramobes
cluster. The entire cell may have a golden hue. The cilia (3) \
lie in kineties (4) on both faces of the body. The crganism
belonge o the Karyorelictida, a group of cibates distinguished
by the fact that the macronucls (5) are incapable of divison
Care must ba taken not o confuse the macronucisl with
Miiller's bodies (6), which are sensory organelles: The cells
will eat & vanety of ioods, mostly consuming algae (T) and
bacteria Phase contrast

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

A Theaboral edge of the body bears warts. A long canal extends from the lateral contractile vacuole and
along that edge of the body. Macronucleus arranged in a series of interconnected beads. 50-400 um long.
Figs 282-284 LOXOPHYLLUM

Although quite common, Lexophyllum is a litile-
studied genus. See Fryd-Versavel et al. (1976) for a
descriptive study, and de Puytorac and Rodrigues
de Santa Rosa (1973) for electron microscopy.
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Figure 2383 Loxophyilum, A flattensd predatory cibiate that
ghoes along the substrate The mouth bes along the cuter
{convex) adoe of the body (1), 15 presence being strongly
suggested by the numernous exirusomes (2) in this ares

Perbaps more distinetive, however, are the warts (3) of
extrusomes at the other laieral margin of the oell - The
coniractile vacuole (4) and a ong collecting canal (5) akso
lie slong this edge of the cell A beaded maconucieus (8)
and kinetes (T) are visible. The cell & contractils. [ntarfer

ence conlrast

Figure 284 Loxophyium Detail of the anterior end of the
cell Numerous extrusomes (1) e below the buccal region,
which extends along the =dge of the cell Purther ex-
trusomes may be seen forming the warns (2) on the othar
lateral margm. Cilia (3) and kineties (4) are evident, as are
the contractle vacuole canal (3} and the nodes of the mac-
romucieus (6). Phase conitrast

B Nowarts, with a single posterior contractile vacuole, and usually with the macronucleus in two parts.

40-500 um.

Cilia are present in parallel rows on both flat sur-
faces of the cell However, in the similarly shaped
and behaved Amphilepius, the knetes on the
upper (right) surface converge to the centre hne
anteriorly, and those on the ventral (left) surface
may be reduced. Another genus, Hemicphrys, fora
long ime erroneously thought to have no cilia on the
ventral surface, has been taxonomically merged
with Amphilepfizs (Foissner, 1984b). Members of the
genus are predatory (Fig. 221) For further refer-
ences, see Dragesco (19668), Fryd-Versavel &t al
(1975), and Wilbert and Kahan (1981).

Figs 285-287 LITONOTUE




Figure 288 L
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caphihe The cilia
will developed on the surface that is in contact with 1}
subsirate (referred 10 ag veniral Dy some, of Tn= raghl 5
by othera) There are two rmounded macromached (5), be
twean whikch lies a single micronuches () The contractle
vacuoles (T) lies néar the postenor end of the cell Fhase
contrast
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R Cells only 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

S50-800 pm.

Mostly found associated with the substrate or det

ritus, but occasionally encountered mn the waler
column, Fronfonia is related to Paramecium. Both
genera have similar star-shaped contractile vacuole
complexes. The food may be larger thar the ciliate
thus distorting it. The mouth is often difficult to see
as are the rods that surround it. See Didier (1970) for

electron microscopy, and Kahl (1930-1836) for des
criptions of species

Figs 288-290 FRONTONIA
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Figere 388 Froofoaia This spocies contams  symibotc
green algae (1) There is 8 single large contrachle vaoule
(2) from which collecting canals (3) rmdste 1o most parts of
the body. The macronucieus (4) & visible, as are the ITi-
chocysia (5), whach are like those found in Faramecium, o
winch thes genus 1= relsiad (see Fig 344 and those bllow-

Figee 300 Frootonia Although thes gonus 1o related to Par
amecim. it does not feed on small suspendad parncles,
such &5 bactepa, bt on larger particles of bod, such as
diesmids or, a3 here, diatoms (1) The buccal reqon, with 1=
esmnciated cilia, is not mdented as m Farsmecum, bot bes at
the surface of the cell (Z). Around the mouth are micropbuler

ingl Differential mterference confrast (Pholo Manng

rods (nematodesmata) (3] which are used o manipulste
Chinstopher.) { Scale bar 100 pm. )

food mio the mouth. Also visible are the macronucieus (§),
michooysts (5), cilia (6) and a collectian of grean droplets (T}
of enkmown function Difflerentsal inferference contrase

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

A The body 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. 50100 um long. Figs 291 & 292 PSEUDOMICROTHORAX

P dubius has been studied in depth by Hausmann
and Peck (1978), and Peck (1985)




Figure 388 Peeudomecrcthorsx A fanensd algnorms clats.
the suriace of winch = thrown o wedl-developed foids (1)
Extroscmes (2) are located along the grooves. The veniral
surface of the ce=ll = m focus, and the mouth (3) bes near the
anteror end of thes sudace The cell moest filamentoues
blue-green algae, whach acoounts for the colour inmde the
cell Also vimbile are the reqion of the contractde vacuche (4)
{(the vacuole mtsell being ow of focm) and the cilia (5)
Chfferental erferance contrast

B Noevident ridging or extrusomes.

A Witha cross-banded, ridged groove parallel to and near the margin of the cell. Cilia limited to ventral

COTO 152

surface. Some species with an orange "eyespot’. Mostly eating diatoms. 80—150 um long.
Figs 293 & 294 CHLAMYDODON

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

Figure 284 Chiamydodon A flanensd cihate with a baskes
or nasses | ) of mecrotabular rods (nematodesrmata) openng
on the ventral surface of the cell Mambers of the genus uss
the nasse o manipulate larger particles of food such as
diatomns. into the cefll The genus & distinguished by the
gmated band (2] that iss near the margans of the vental
surface. and by an antenor crange spot (3). Contractle
vacuoks {4) and the region of the mactonucleus (5) are
endenl Phase conirasl




GOTO183

A With a posterior adhesive spike. Small, mostly under 50 pym in length. Figs 2956 & 296 TROCHILIA

Figure 266 Trochibe A fSatensd hypostome cibate that 15
similar o Chilodonells (Fig 298) Ths photograph offers a
side view of the ciliate as it crawls across the ssrface of a |
Spirogyra filament {1). The clia (2) are mostly on the ventral
surface. A basket or nasse (3) opens on the ventral surface
of the cell where 8 5 best placed w detach adhering
bactena and other particles of food Differantal mierfer-
ance conirast

B Without a posterior adhesive spike. Mostly 40-120 um long. Figs 297 & 298 CHILODONELLA

The previous three genera are typical members of
the hypostomes, mostly they consume bactena or
small attached algae. The biology and systematics
of the group have been described by Deroux (1870,
1976a, b & c). Chilodonella has an unciliated mid-

Foissner, lﬂ Hofmann and Bardele, 1387).
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Figure 288 Chilodonells A flamened cliate with & weall-
developed basket or nasss (1) of mcrombalar rods (nemats-
desmata). At ther antenor ends the rods have ‘testh’ (2)
which surround the cylostome on the ventral mde of the cell
(see Fig. 285) For this reason, the group of cibates 1o which
Chilodoneils belongs has been referred to as the hypo-
siomes The rods are uwsed 0 manipuiase bactena (3) or
other small partches mnio the mouth Also endent n thes
pecTure are the macionuckeus (4] with an adprassed mucTo-
nuckeus (5). two contractile vacacles (8) and the ala (7)

Figure 308 Trthigmostoms [lustrated 18 pan of the ventral
surface of this hypostome ciliate It is closely melated ©
Chilodoneila (Fig. 236), but as the photograph is a surface
view, only the antenor ops of the microinbolar nemao-
desmata () around the cyiostome [Z) are visible The pic-
ture shows the bases of the mdimdusl cilia and the distriba-
ton of knetes on the ventral surfsce. with shohtly larger
dark mutochondns lymg near some of the antenor lonetes
The confractie vacucies and macronochsss are not m focus
Dhfferental interference contrast

l Diffsrennal mierference contras:

A Spindle-shaped cells with a long, highly mobile neck supporting a rounded mouth at the end, usually
embedded in detritus. The cellmayextend upto 1 mm. Figs 300-302 LACEYMARIA

In one common species L olor, the extensible neck

appears o probe for food. Smaller species with less 300
extensible necks are usually placed in the genus

Phialina (Fig. 303). See Tatchell (1981) and Bohatier

el al (1970) for structure, and Foissner (1983) for

taxonomy.
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bactena) usually with the postenor end of the body
attached 10 the detritus. Phase confrast

and the substrate for swisbie ood The orgamsm feeds on
other protczoa or detrimus. Al the tip of the neck is the ‘mouth’
(3) armed with extrusomes for caiching prey. The body =
cilated (4), with the cilia lymng in speralling kineties (5) A
large macronuciens () bes i the centre of the cell, and a
contractile vecucle (T) s vimble &t the posterior end. D
ferental inferierence contrasi (Scale bar 100 pm.)

Figure 303 Plualing A torpedo-shaped cliste, round i
Cross SeCiion, and in many ways very simular o Lacrymana
(Figs 301 & 302). from wheich it has only recently been
dstinguishwesl There = an amenor di¥ferentated mouth
region (1) with extrusomes and s chester of long ciha Iresde
ihe body. a macronuckens (2] and confracnle vacucke (J) are
vimble Unbice [acrymans the cell does not have a con-
wactke neck Diferennal inferferance oonfrast
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ALL SCALE BARS 20 um UNLESS
OTHERWISE INDICATED




B Notas 154 A. Cells usually moving freely through the water. GOTO 158
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 Grain (1972), Tamar (1968, 1974) and Foissner
{1988) for accounts of this genus.

Figure 304 Halters. An oligotnich ciliate Most oligotrichs
[zee Figs 365-370) use the adoral zope of membrane|les for
feeding and locomotion Hallers not only has an AZM (1)
but also an equatonal gudle of s6ff cum (2) the acton of
which propels the cell with a bounding motion. This is &
sufficently distnctive trall for the genus to be dentified
from motion alope. Sometimes, the cell may come 10 rest
with cne pole atiached 1o the shde or coverslip, under
which circumstances it may look ke a hebosson Dif-
ferential inferference conirast

B Without the bounding motion. GOTO 158

A Cells with a marked torsion, the front twisted or with a spiral flange running along the body. Sometimes
with spikes protruding posteriorly. GO TO 157

B Notas 156A. GOTO 158 T
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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 um long. Figs 306 & 307 CAENOMORPHA

See Jankowsia ( 1964) and Fernandez-Galiano (1980)
for comments on this heterotmch, which 1srelated to
Metopus (Step 159), and 15 usually found mn anoxic
sites.

Figare 307 Coenomorpha An umbrells-shaped hetero-
tnich ciliate. found mosty in anome habitats The adoral
aone of membrameles (|) foliows & spral path. leading o
the mowuth (4), and ending a1 the base of the il (2 The
somatc (Jooomotor | cibasire s reduced 1o a band (3) winch
hes admcoent 10 the membranelies Caenomorpds typscally
has a chuster of refrachle gramies a1 the antedor end of the
cell Duferenrs| msrfersnce conlrast

B hmoﬂ.mmmmmmthdmtmmnm

granular mass at the front end. 50-150 yum long.

Both Metopus and Caenomorpha are most com-
monly encountered in organically enniched, usually
anoxic, habitats (Jankowski, 1964). Such organisms
may be referred tc as sapropelic (Villeneuve-
Brachon, 1940; Foissner, 1980a).
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Figure 309 Meiopis. A heteromch ciliate The cell has an Figure 310 Brachonelis Like Metopos (Fig 309) and

adoral zone of membranelles (1) for feading and con- Caenomorpha (g 307 this genus of heterotnich cliates =
ventional cibia (2} for locomotion. The locomotor cila are ofien [bund in ancxic habitats The sdoral zoae of mem-

armayed in knetes just visible (3) as they pass over the welles { 1) follows a spaal path around the antenor end of
macromiclens (1) The genus is distinctive because of the the ceill In this picture it s possble o see idividual kne-

twnst of the antenior end of the cefl. A collecton of granules inmomes The anetes of the locomaotor cilia (2 fnflow the
(5) = visible &l the antenor end, and thers is & posisnol spiral path of the AZM. and run more ot less aually in the
contractile vacuole (6) Most speces In this genus are en- postarior half of the call There = a capdal closier of longer
countered m anooc or reduced habatars ofien found &t the cilia (3) Cfferental inferference contrast

botiom of pondes. Phase confrast

R Flattened and rigid cells, usually wedge-shaped. The body may be drawn out into folds and/or spikes, 158
with the somatic cilia reduced io a few tufis. Usually from putrid waters. Fig.311 EPALXIS (158)

An odontostome ciliate (Jankowski, 1964), Epalxs is
related to Epalxells (Fig. 312), Discomorphella (Fig
313), Saprodinium and Myelostoma (p. 188; Schrenk 1y
and Bardele, 1991) \ X

all

\g ._-I.
“
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B Cells not flantened or, if fattened, not rigid. GOTO 159
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Figore 312 Erabrells An odontcstome cilliate These = 2
short adoral zone of membransies (1), dentfyng the of-

ganis 42 a polvhymenophoran (sparotrich), Odontosmes
tyiacally have few somatic cilia In this species, théere 15 a
permonal bend (2) bing aboes the A7M, and s0me poseric
somatic clia (31 The c=ll B very flal a8 = Typecal of the
group, and ihe body surface = sculpted m kics and
gmoves These are evident s spines (4) al the posierior
end A macrooucleus (5) = alse vahile Epalbeaiis @ mostly
enrountered m organically annched and anoxc stes. Def
ferental mierierence ConiTaEs

Figarse 313 Deomorphedls An odomtostoms: cilase (o
Fig 312) The cell is very fia and the body surfsce isstiff and
sculpted, with one spilke (1) projecing from the front of the
cell The adoral zone of membisnalss (2) 5 bome on a
beciger- ke stnecture that curves around the margpn of the
body Several cimn (3) promect om the postanor of the oadl
Decomorphella & typecally ound m orgamcaily enrched
gites with Liftle or no free oxygen Phass conifras!

A Scoop-shaped cells, planktonic. GO TO 180

B Notscoop-shaped. GOTO 161

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

Cell about 100 um long. Figs 314 & 315 PHASCOLODON
Utrastructure 18 described by Tucker (1972). See
also Foissner (19790) 314
e * -r""\_..
\ \,H lr.-"
S, i
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Figure 315 Fhascnindon A planioonse cillate. Thes exampile
=& i sqquashes normally the two anternior iatetsl marqns
(1} are curved round o gree the oaf] & scoop-shape There =
a well-developed nasse of microtubular rods (nemandes-
man) (2}, with whuch relatvely large pamcles can be -
gemted This partcular indnidual has bién sating Spine-
beanng centnc distoms {(Sephanoducus, Fig. B) (3} Also
avident are the contractile vacuoles (4). mactonucieus (5)
and cilia (8), Phase confrast

B With what appears to be a band of ciliary membranelles leading into a crescent-shaped mouth cavity.
Figs 316 & 317 BURSARIA

Cell up to 1000 um long.

For a long ime Barsana was held 1o be a heterotnich
(see notes afler Step 161), but 1t 1s probably related
to Colpoda. Like Bursana, Lembadion (Figs 318 &
319) is shaped hke a scoop, and is also encountered
in the water column. It is a scuticociliate (Step 169).

Figure 317 Bursans A planinomc cbaste that 5 relsted o
Colpoda (Fig 328} The crganian i shaped ke Phascol-
odon (Fig 315) another planidomc ciliate In both the
amenor margn (1) of the cedl s drawn oul, gIving the entire
cell & socoop-shape. and ensbling it 0 dme quite large
partiches of food (in thes indradual dinoflagellstes and cha-
o) o the buocal channel (3) Abe viaible are cilia (J)
and extrusomes (4) Phase conirast
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Figure 319 lembadion A plankiomc scancochate Like
some other planiconic ciliates, such as Phascolbdon (Fig
3135) and Bemsaris (Fig 31T}, the cell is scoop-shaped. The
opeming of the scoop (1) 18 ezl ather than antenor. bt
the cell spirals on its longitudinal axs as it swims; and this
helps o dired currents of water into the molth There isa
well-developed undulating membrane. The ocontractle
vacuoke (2) and long caudal ciba (3} are also evident Def
ferent=! interference conirast

Figure 330 Condylosioma. A fattensd. browsing hetero-
tmch ciliate. The adoral zone of membranelies (1) extends
across the front of the cell, curving sharply into the buccal
cavity. A veal-like undulating membrane i also present. bt
it cannot be seen here. This particular cell has bean feading
on diatoms (2). The call has conventional somatic cilis (3) for
Iocomotion Also visible are some pans of the beaded macro-
mucleus (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 heterotnichs 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 1368) 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 Bodiescontractile.

B Bodiesnot contractile.

144

THE HETEROTRICHS GO TO 162

from ancestral stock at an early stage (Small and
Lynn, 1988). Heterotrich cell bodies are often rela-
tively large and flexable. They are disiinguishable
from hypotrichs because there are kineties on the
body swrface, but are most easily confused with
some of the hypotnchs that have flexible bodies and
several rows of ventral cirn. 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. Figs 321-323 SPIROSTOMUM

Isquuth and Repak (1574) provide a key o speciés.
Spirostomum is often found m polluted sites or in
sites with hittle or no oxygen.

321

Figure 322 Sperostamum (sea also Fig 323) Shown hete s
& reres, one of the smalles) specias in the genus It is
distingushed by the compact macronucleis (1), The cell is
cyhndrcal with a postenc contiactile vacuole (2], and an
adoral zone of membranedles (3) leading from the asteriorof
the cell 1o the cyicsiome (M) Each membranelle beals
shahtly out of synchrony with' s nesghbour, with what &=
cabed metachronal co-ordmaton. As a resull, & wave-like
pattern of actinty passes along the organalies This oorurs
&0 fast that it = difficult to see it without pholography. The
surface of the body = ndoed with the bnetes of locomaion
ciza (5). Phass contrast, (Scale bar 100 pm.)

Figares 323{a) & (b) Spirostormuen (see also Fig 322) Thess
are two wews of (he same cell of & ambiguom, one of e
larger species in the genus. The pholographs dinstrss
confractility: mn the lower view (b)), the cell has been made
o comtract by jamng the glass shide Visibie m the upper
cedl {a) are the postersr contracile vacaole (1] i associaed
collecting canal (2), which extends lowsards the front of the
celdl the macropncleas which looks liks & string of satages
(3% and a food vacucle (4) lying naar the oytoproct ready o
be discharged The cells are cfien very opsque owing 0
sorumulsted caloium salts Brght feld. green filter: (Scale
bar 100 pm)




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 contracied They are large (up to
| mm), wath the contractile vacuole located near the

Figs 213-216 STENTOR

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

R Pink or red cells with the contractile vacuole at the posterior end. Most species have a well-developed

undulating membrane alongside the adoral zone of membranelles (AZM). Body 50-350 um long.
Figs 324-326

See Ciese (1973) for an account of the biology of
Blepharisma, and Hirschfield et al (19685) and
Larsen and Nilsson (1983) for comments on it and
related genera. The cells usually eat bacteria, but
play dark red food vacuoles contamning the partly
digested residues of their confederates

—— e -
Figure 328 Blephariama. Most members of this genus of
heleroinch cilates are pink The mouth oilsture exiends
from the front of the cell 1o the cytostome {abowt a third of the
way down the cell} The feeding ciliahre ncludes the
voul-lon unchulating membrane (1) and an adoral zone of
membranelies (2) Ths speces mostly fesds on bactena
and small protsis. bt if may occasonally become can-
mibalstc the tell-tale pink remams of anothey osll of the
same species are endent i one food vacuole (31 The
contractile wousle complax (4) 5 3t the postenor end of the

oell, and in this regson the kanenes (5) of bnes of cla are
evident Phase confrast (Scake bar 100 pm )

Figure 326 Blepharmma. Detal of the anterior end of a cell.
The adoral zone of membranadles (1) can be seen leading
from the amerncr end of the cell 1 the cyostoms (2). The
membranelies are biocks of adhenng cila and companson
may be made with individual cilia on the surface of the body
(3} The body is highly vacuolmed; lood wacuckes (4) canbe
recognized becsuse they contan bacteria. The cortex (5],
which appesrs ac a discrete layer a1 the suriace of the cell
ool granuiar because of the small surfsce vesicles that
comtan the penk pegrment. Delfferential inferference 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 1517, Figs 308-310 METOPUS
A Withevenly distributed body cilia. GOTO 166
B Body cilia absent or patchily distributed. ] 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 cells stop moving. The type of food cdn be
within the buccal cavity, or extend onto the body inferred from undigested cocooid bactena or other
surface. Feeding behaviour is often only apparent small partcles in food vacuoles.

B Notas I66A. GOTOIT3

A Flanened kidney-shaped cells, often found in soil, with the mouth located in a lateral invagination. The
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 (1883), Foissner (1580, 1987 inter
alia) for the diversity of Colpoda, and Bardele (1983)
for ultrastructural accounts of varous members of
the genus Related to the colpodids are Bursaria
(Figs 316 & 317), and Cyrtolophasis (Fig. 329), a
gammihutmwhefmmﬂnmhdtnde'tdmma
mucus sheath.

ALL SCALE BARS 20 ym UNLESS OTHERWISE INDICATED
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Figure 328 Coipods. A genus common . soils. The organsm Figure 320 Cyriclophosis. A filter-feeding oolpodid ciliate
can readily encyst and excyst to alee advantage of pariodic Members of this genus are often found within gelatinous
flooding &ned drying up. The organiesm is a stispension leeder loricas. On occasions they may form small colomes  Around
using the buccal aliary crganelles (1) 1o segrecala bactena the mouth is a sirongly developed array of buccal cilia (1)
which are then internalized within food vacuoles (Z) The used in the sefection of food. This ndividus! has noested a
arganism 3 flanened, with the cilia emerging m curving Chiamydomonas cell (21 The cell s evenly cilisted 3)
kineties (3). Just msible are the regions of the contractle excep for a small mft of longer cilia (4) at the antenor and
vacuole (4) and the macronucieus (5). Differentsl interfer- inmde the cell the contractile vacuole (5) and the region of
ence contrast with fiter the macronuciees (6) are visihka Diferential inierference
Contrast
B Notasl67A. GOTO 168

A Owoid 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 GOTO 163

Scuticociliates are usually characterized by a large  common Calyptotricha (Wilbert and Foissner, 1980)
well-developed undulating membrane. Most are (Fig 330) is attached to detritus by means of a lonca
free-swimming orgamsms, but the relatively un- that is open at both ends.



U " Figure 330 Calypiotricha. This scuticociliate lives within an
™ arganic lorica (1), seen here attached o Blaments of blue-
= A green algse (2). As with most scuticocbaies ‘there =5 &
W well-developed undulating membrane (3L A confractle

vacucke (4) = also ewvident. The cliate i free to move within
s lorica removing parbcies of food fom the coyents of
witer that it genemtes. Differential interSrence contrast

B Notas 168A. GOTO 110

A Small cells (usually less than 30 pm) with relatively few somatic cilia. Figs 331 & 332 CYCLIDIUM (g

See Didier and Wilbert (13981), Berger and Thomp-
son (1960) and Bardele (1983) for accounts of the
members and the fine structure of this genus
Common and widespread

331

Figure 332 Cyrchdiem. A comman suspension-feeding scu-
ticociiate The somatic cilia (1) are relatively sparse and
long. and there is-& single onger caudal ciliom (2) When
these clates feed, they become mobonbess and ynfurl a
sail-like undulsting membrare (3), The alia of the undulat-
ing membrane (barely vimibie here} are used o sirain small
suspendead particies from the currents of water. The food is
then paciaged m food vacunies () nsce the cafl All cells
have 2 contractile vacuole {5) which in the most common
speces & found &t the postenor end Here, however, Il is
located in the centre of the cell Phass coptrast
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B Cellslarger than 30 pm 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 FPleurcnema A relative of Cyclidium (Fig. 332),
bat larger. Like s smaller relative. the cell has relatively
lsng somatic cllia (1) which are spread cul when the cell
comes o rest in order o 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
Dafferential 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 cbhservations on
Cohnilembus.

T1EM

Figs 335 & 336 COHNILEMBUS

Figure 336 Colhmilembus The most obwous jeature of thes
ciliate is the highly developed buccal alisture which stret-
chas from the anterior end of the cell io°a mouth aboat
halfway down. Two lines of cilia (or a singie line of U-shaped
calia) (1) form & channe! withon which & single hine of cilia
undulates (2) This enables small paricies of fbod 10 be
sagregated from the sumounding medium, channelled to-
wards the cyltostome, and then packaged wathin food
vacuoles (3). The body is evenly ciliated and there sa long
caudal cilium (4) Differental interference contrast




B Notas 170A. GOTO 171

A The mouth is at the base of a short groove located just below a slightly jutting or twisted anterior part of m
the body. With a central contractile vacuole. Body 40- 100 ym. Figs 337338 COLPIDIUM

Colpidium s common in organically ennched siies
Fossner and Schiffmann (1980) give an account of
the genus, and other studies have been made by
Jankowsla (1967a), Lynn and Didier (1978), and
Ifiode et al. {15984).

Figure 338 Chipecium This cibste s ofien found In lerge
numbers in organcally ennched and shightly anomoc sites
The mough (1), whach bes below a slightly protroding ante-
rior part of tha body (2}, incorpoates ciliary organelles that
are used o concentrate suspended partcles and delnes
them for paciaging mio food vacuoles (3) The leage
ampty-lockang vacunis (4) near the centra of the ol = tha
contractile wacucle Also vimble within the cell are the
regicns of the macronucieus (5), the mucronucleus (6) and
mitochondna (T). The cell s evenly ciliated (8) Phase con-
trast, artificaal bght fim

Figure 338 Colpediumn dincting  [lustrated = a shghtly ear-
her stage in division than that shown for Tetrabymena (Fig.
341) The photograph is of a sbhghtly squashed cell with the
surface i focus. The ldnebes can be sean 35 hght lines (1),
arcund which, nmde ihe cell are clustered mulochondra
(Z) Belore the ceil diades the number of somanc cla
needs o double, and the new mouth of the postencr daogh-
ter cell (opasthe) moest form. Here, the well-formed mouth of
the presumptive anenor daughter cell (the proter) may be
s=an (3), along with some of the compound fesding ciliary
organelles The postenor mouthparts (4) be on the surfsce

of the cell as the mouwth cavity has not! ye! lormed Phaes
il
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B Without anterior protrusion.

GOTO IT

A Small(less than 50 ym), pear-shaped cells with a small anterior mouth, and the contractile vacuole in
the posterior part of the cell. Sometimes with a caudal cilium. Often associated with waters that contain

many animals, or with dead and/or decaying animal maner.

Tetrahymena has been widely exploited in physio-
logical and biochemical studies (Eliott, 1973). Since
Manney and McCoy (1977) revised the cnteria for
identifying species. many have been added 1o the
genus (Batson. 1983, Williams ef al, 1984) Bio-
chemical techmaques are now reguired for identifica-
tion of many species (Corliss and Dagogett, 1583)

Figs 340-342 TETRAHYMEN.
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Figure 31 Tetrabjroena (8 also Mg 342) Probably the
most stached genus of all the ciates as it can now be grown
in bactera-free culnmes As a resuit. 1t has become widely
wsed br experiments]l studes on s physology, beo
chemistry, sic.,. Two cells are shown: 8 normal frophic oell
(1} and & divicling cell (2) with its ranswerse furrow (3). In
the wilkl Tetalhymens feeds mostly on sspended
bastera often in assncianon with decaying angmal matenal
Bactena are concentrated by the buscal chanme saround
the mouth (4) The cell body = evenly cilisted (5 Also
evident in the normal cell are shight furrows (lanebes) (B) on
the surisce. the macronpucieus (T) and the luid-flled food
vacucies (B) Phase confrast

Figure 342 Tefralymenas Ths s a fived preparation that
has been stamed with protargol Ths sibver stamm reveals
bane (negatively charged) prolemns, such &s tubulns and
husiones For this reason, basal bodees (1) clia (2) and the
macronacieus (with hestones) (3) can be seen. The photo-
graph has been 1aken with a shallow focal depth, and 5 in
focus through the centre of the cell Severl rows (anetes)
of kknetcsomes are nimbie at the margns of the cell, bllow
mng the longetudimal aos of the body. Around the mouoth
recnon, the denssly packed aneiosomes supporting the
cilia of the thres membranelles (4) and the curving undulat-
ing membrane (5) have stained clearly Also revesled ame
the microtubular nibbons of the cyiopharynx (8], leading
froem the mouth mio the oyioplasm of the cell Bnghr Sedd
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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 347-248) has a different kind of contractile vacuole
complex.) With a caudal maft 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 flantened ovoid (foot-shaped).

There are many ogeneral accounts of this very
common and famibar genos of abate; Wichterman
(1953, 1985), Wagtendonk (1874) and Gortz (1988)
all give general accounts including outlines of the
compasition of the genus.

As with Tefrahymena, some species can only be
dentified by their bwchemical characterisncs
(Corliss and Daggett. 1983). Morphological species
can be distinguished by thesr shape, being etther
elongate (shpper-shaped) (Fig 343) or foot-shaped
(Figs 348-359), and by the form of the muicronuciel
(Fig 35T, One common species (P bursana) con-
tains endogsymbionc algae (Figs 345-358)

These are peniculine ciliates the closest relatives
of which are Frontoma (Step 150), Urocentrum (Figs
387 & 388) and Neobursandium (Fig 360}

Figs 343359 PARAMECIUM

Figure 34 Faramecnrn Both a typical individual and con-
ugasng oells (1) are shown The sngle oell contams a
macronackes (2) and a sphancal adpreseng mcronucieos
(3) Thus partcular nuciear configuranon. oombared waith
the shape of the call wiennfies the crganam as bemg F
caudatun Comugshon = a mechansm hal alows the eX-
change of genstc mitrmston betwesh mating cells The
cells become jomed. & cytoplasmuc channe! forms between
them, and a gamsnc nucksus (product of meoss of the
micranucieus) = exchanged. Contracule vacuoles (4) are
Als0 vimbDle Mhiase conirast [SCHlE Dar JUL Jum )

Figure M5 Parsmecrn with jood vacuoles Thes shghily
scpuashed cell has been f2d with bactena stauned black and
recl 0 order 1o show the food vacuckes. The cell s evenly
covered with cila (1) bat, a5 with all Paramecss, thers =3
caudal wft (2) of lonoer cia The mouth may De 3een as a
channel (3) with a densely pacied line of cha Food =
pushed down the channe] ultimslely 0 be packed into the
inod vacucles (coloured). Also visible in the cell aze the two
contractile vacuokes with their radating collecting cenals
(4], the macronucieus (5) and trichocysts (6) Phase ocon-
[rast




- Figure 38 Paramecnzm mouth Paramecum s a filler-

feeding ciliate The body s shaped o create a channel from
the front end of the cell 1o the buccal cavity, ssen here (1) in
a side new. In the buccal cavity lie the compound ciliary
organelles (2) (membranelles or penicull) thal create the
currents of water from which particles sre taken The par-
alle] ines of cilia that make up the penecull are just dscem-
ible Food s pacieesd into food vacuoies (3) whach form at the
cystome (4) at the base of the buccal canty. A mac-
romuciens (8) tchocysts (B, cilia (7) and & contractile
vacuole () are also evident Differencal mierference con-
irast

Figure 348 FParamecium putrinum. The smallest speces m
the genus This species (Fig 347) 15 also called P trchium
Unlike other members of the genus the contractile
vacuoies (1) do not have radsating collecting canals There
= one arge macronucleus (2) and an ad@cent compact
mucronucieus (3). Food vacucies (4) can be distnounshed
because they contam densely packed bactena. Also vimbile
are the mouth (5), trichocysts (6) and cilia (7). Differential
mterference contrast. (Scale bar 100 um )
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Figures 348-368 This series of photographs of Paremecrum .
bursana attempts o thsirate the different contrast enhance-
ment techmiques that can be usad with free-Iving profozoa.
Various characteristics of this speces may be seenin Fig
352 Aswith other species in this genus (see, a.g Fig 345),
the cell is evenly covered with cilia (1), but there isalsc a
caudal tuft of longer cilia (2). The mouth (3) appearsas a
nammow cavity comtaining densely packed cilia. Food
vacuoles (4) are rare, as the cell contains many symbiotic
gr=en algas which provide energy in the form of released
by-products of photosynthesis Two contractile vacuoles
(8). trichocysts (6) and the macronucleus (7) may also be
seen, although the macronuclens s clearer in Fig 357
than in Fig.352

Figure 348 Bright feld, This = the techmique most widsly
advocaied m textbooks and schools, eic. Nahmal ocolour
differences are evident, but fine defails cannot be sesn

Figure 350 Bnght Seld with the condenser irs closed. The Figure 351 Fhass contrast Differences in optical density
simplest way o generate sufficient contrast for most of the are revealed as reqons of darkmess and light Cilia can be
parts of the cell v be seen The same eflect can be clearly seen aganst the surrcunding fuwd. Some degres of
achisved by lowering the condenser. or by moving it out of optical confusion may ooour when one objedct lies on top of
alignment with the oplical axis of the microscope This ancther, e.g deep in the cyioplasm. However, it is a widely
technique is often frowned upon by the punsts because they used and eflactive techmque, especially for smaller protozoa.

(nighily) argue that resolution = lost Howewer, the tech-
niee s Justibed because nsbility s often more important
than resolution
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Figure 3582 Differental imerference copirast (Nomarski)
Cradients (e.g. between an organelle and the cytoplasm) in
rafracthve index are shown up as a shadow effect (iba are
sean as a dark and igh! shadow agamnst the backoround
producing a very appealng toree-dmmensional effect A
special advantage of the technique is that 2 very thin opbcal
shoe i taken through the specimen. Consequently, there s
very little optical confusion, and a clean, crisp image can be
obtamed. However, this aspect of the techmque also has its
disacdvantages as only those peeces of the cell that e &
sngle plane are vissble

M

Figure 383 Dark ground The specimen 1= illominated very
obliquely. 50 that no bght can pass direcily from the light
source into the obiective of the mictoscope. In the absence
of an abject, no hght can be observed. However, an olect
in the hght path will refract the bght and appear bright
against a dark backoround The technique s aesthetically
yery appealing. It may also be ased o0 shoWw up very small
objects. An opague disc oo the iop of the condenser Gan
genarale this effect as may the u=e of the wrong sze of
phase contrast rings in the condenser or lamp housing

Figure 354 Interference contiasl. Differences in refilachive
mdex are converted mnto different colowrs Colours onigin
ally present in the cbiect, such as the greenness of alcae
are retzmned

Figure 35856 Polarzed fight The object 15 lluminated with
polarized bght, and then viewed through a " polanz-
ing filber at night angles Crossed pol all hght
except that which has passed through crystalbne smuc-
ures Consequantly Srysials nede
the cyloplasm. The Ccrys N Previous
micTographs. but are easl
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Figare 338 Siver-stammmg An example of a Chaton-Lwof
mainesd cell Sver-st: g 15 normally wsed 10 show up the
bases of cila and the oS echniques are needed for
formal descriptons of clhales Each spot vimible here s
madé up of three smaller dots (wo cibary bases and a
parascimal =) The echnique reveals the kmehes cearly
the closaly packed cilis of the mouth have shown up abmest
black Near the postenor epd of &ll 1 the shi-like
aning of e cylopmct (o8




Figure 360 Necbursandium Some marine benthic ciliates
may measure several millimetres, but they are thread-like
and have kitke mass. Neobursandium (1) i related 1o Para-
mecium (trichocysts (2) are just visible), and is one of the
most massive ciliates. [t = shown here alongside P burssna
(3) for comparison Neobursandium is found in tropical
sites Brght feld closed condenser ins (Scale bar
100 purm. )

A Spherical, near spherical, or conical body. GOTO17

B Veryelongate body, or witha neck. GOTO

A Bodywitha posterior spike. GOTO 183

B Body without a posterior spike. GOTOI1Ts

A Ciliain bands on the body or at its poles. GOTOITe

B Cilia occur evenly over the body. GO TO 180

A Cell with an anterior conical protrusion. Predators of other ciliates. GOTOI1TT

B Cellwithouta protrusion. GOTOI178
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A Withtwo bands of cilia- one anterior and one equatorial Body 50-150 pm. Figs 361 & 362 DIDINTUM

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 Rodngues de Santa
Rosa and Didher (1976), and Rieder (1971).

!

Figure 362 (iclmuum. A predatory ciliate that swims using
two bands of clis (1) There = an antenor cone which
CONLANS NEmercus extrusomes (2] used o mpale and lall
iis prey, Paramecian. Some extrusomes (3) may be seen in
the cytoplasm. Also visthle 5 a postenor contrachie vacucle
corzplex (4) The cihiate n this pichure = squashed (o Pig
361} Differential inferference conirast

Figs 363 & 364 MONODINIUM

-

Monodimum Ths gents s simelar 10 Dechindam
.mmnmm:awnbudd
3 As wih Dicincumn, there s an antencr cone (2)
contins exinscmes wsed mn the capame of prey
(chates) The diffuse area (3) nmde the cell = the mac-
monocieus A postenol conttactile vacucle 15 also evident
{4). Differential iInferference contrast

e
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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 pm.

Strobilidium cells are oligotnich cibates Like hypo-
trichs and heterotnichs (Steps 136 & 161) they have
an AZM. Unlike the hypotrichs and heterotrichs,
there are no somatic cilia and the AZM is used for
moticn as well as for food capture. One genus (Hal-
teria) of chigotnichs has already been encountered
(Gtep 155). Srombedium (Figs 367 & 368) looks very
like Strobilicium, but differs because it has an orgamic
lorica around the base of the cell Strobilidium
(Deroux, 1974) usually rotates near the substrate, as
if ied to it by a thread of mucus; the thread 15 usually
invisible. Some ohgotnichs 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,
1978; Figs 369 & 370). Oligotrichs are reviewed by
Carey and Maeda (1983),
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Figs 365 & 366 STROBILIDIUM

Figure 388 Strobibdieh. An cligotnch ciliate The only vis-
ible clia are those that make up the adoral zone of mem-
branelles (13 a5 i¢ sireiches around the font of the cell
Uizing the AZM the crgenism can collect algal cells as food
{2y The call is often found apparently attached to the sub-
strate by an wisible thread exending from the posterior
and (3). It will spin and jerk at & fived distance from the
substrate Occamonally i breaks free and can then move
with great spesd. A contractile vacuole (4) 1s visble. Stobif-
diumn is most easily confused with Srombidiom (Fig. 368)

Figure 368 Strombidium. An ofigotnch ciliate. The only
vizible cilia are those of the adoral zone of membmnelles
(1), used for leeding and locomotion This genus s easily
confused with Strobulidum  Sromindium may be distin-
guished by the pressnce of & lorica-like shesth, evidanoed
by a ‘sheulder (2 in the lateral profile: the genos also has
‘mchiies’ (31 This parbculsr specimen has Deeh -asung
ciatoms (4) Phase conilrast
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B Notas 178A.

Figure 310 Tintnnidinm The tintinmds are mostly plank
tonse ohgoimche The only visible cilia are those that make
up the asdorsl zone of membranelles (1) as 0 streiches
around the fr il These cbs are used or feeqing
and locomotion. All intinmids are enclosed by a lonica (2

~h in this genus incorporates aggiutinated matenal Tm-
trreds are comumon tn marme habetate Differental mierfer-
ence coplrast

GOTOI1T9

A Withaband of cilia at the posterior and the anterior end. About 100 pm long.

Telotrochidium may be difficult to distinguish from
the mobile telotroch larvae of sessile perntrichs (Fig
236), and from peritrich cells that have separated
from their stalks and sprouted a temporary basal
(trochal) band of ciba. For taxonomy, see Foissner
(1976), and for general comments. see noles after
Step 119, Hastatella (Figs 372 & 373) and Astylozoon

(Figs 389 & 320) are related (Foissner, 1977).

Fig. 371 TELOTROCHIDIUM

371
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Figure 3713 Hastatells A fee-swunmung pentnch clate
Although most pentrichs are sessile, a small sumber of
genera are motle As in the mapnty of permnchs, the cilin
are limited 1o those around the broad ameno: end of the cell
(1) and those in the buccal cavity (22 The cila that create
ihe leeding current also pull the cell inrward This genus is
distimguashed by the cyloplasmic spines (3) on the body.
When the cell =iops and contracts, the spmes are made ©
sock oul Also visible = an empiy-looking contractile
vacucke (4) and two profiles of the macronuciess (5. Duf
ferental mrerferepce contrast

B Small, with forked tentacles at the anterior end. Body 20-30 pm.

Mesodinium 1s a genus best known from marnne
habitats, where it is widespread and may have sym-
biotic (red) algae (Lindholm, 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 chstinguished from Halteria (see Step
155 above) by its size and by the absence of equa-
torial spikes. Small and Lynn (1985) use Myricnecta
to house some species

Figs 274 & 374 MESODINTUM
374

tlry

A The body appears to 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 Foimmner (19684) br recent taxonomy of the
betier known species For details of those species
that have symbiotic algae, see Christopher and Pat-
terson (1983), and Klaveness (1984). Ultrastructure
15 dealt with by Huttenlauch and Bardeie (1987), and
Lynn (1985).
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Figure 378 Chieps These two individuals (1) are barmel
shaped, and accumulate calcidm in the cortex. This makes
thear similanity 1o barrelr even more marked, as there
appear 1o be staves supporting the cell The calenun makes
the cells appaar dark when viewed under bnght-Deld con
dinons They are scavengers, seding on detrings, but with a
preference for the tsswe (2) of dead and dying ammals
Here. the cells are leeding on the tssue from a damaged
crustacean larvae Fhase comnfrast (Scale bar 100 gum. )

Figure 37T Coleps (cf Fig. 376) About a dozen cells ara 1o
be sean clustering around the cast exoaoaleion of an arthro-
pod, The cells are fesding on the remnants of tissue Cal-
carecous plales are laid down in the corlex. giving the calls
their scaly appearance (1) The postenor end of this (and
most) species can be distingushad bectuse some of the
posternor acales have cuspe (21 The mouth bes a1 the amenos
apex of the cell and macrofubulsr mods form a channel
lsading mio the call (3} The postenor end also has a long
caudal cilum (4) Although they are scavengers, some of
the cells in s populaton confaln symbolic green algaa
(8), These are inact and metabolically active, providing the
haat with photosynibates. Diferantial inferforence contrast

B Without plates.

A Mouthapical.

GOTO 181

GOTO 182

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.

Body 30-300 pm, and circular or slightly Qattened in cross section. Figs 378 & 379 NASSULA

Tucker (1978) gives accounts of the feeding be-

haviour, and Foissner (1979) deals with some tax- 318

iz N e
Drepanomonas (Fig. 380) 1s an unusually shaped - =

relative of Nassula, typically found in sphagnum r'"“__%“ ol 3

moss. It = also argued that the chonotrich ciliates, e b . P

such as Spirochona (Fig 381) from qills of Gammearus, -
are related lo this group Tt
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Figure 379 Nasmia Ths cbste uses ds well-developed
mﬁﬂ-&{l}MWMﬁﬂwm-
green algae As digeshon progresses the photosynithetc
pegments withan the food vacuoles (2) are broken down
creating orange and hisc coicurs. Afer feeding the whole
ciliste may bave an crange or pink colour. Also evident are
a contractile vacuokes (3} and extrusomes (4) The osll o
tound in oross sechon Differental inferfersncs oonirast
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Figure 380 Drepanomonas Encountered n vanoos hab-
Hams Dt Sspwersally m mosses, these oells are nogpd, wilh the
surface scuipted mo curnang folds (1) From the loids anse
the somatic cihia (2}, The mdentahon (3) on the conpcave ade
= the site of the cyiostome. Several clusters of ciba (4) ocour
around this remon The genus is nod very well mown, and
e fusll stroctore and feeding haluts have yet 0 be eluodated.
Also vmible = the region contaning the macronuckeas (5)

of which be the aba {3} One of these cells has been sating
fragments of blus-green sicel flaments (4) Other nable
struchres are the contrachke vacuoke (5) and the mac
ronuckeus (6] Differennsl merference contrast
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Dhfferentsl yderference contrast
Figure 381 Spurochona. A chonotrich ciliate, found mostly
on the -mnm;_la:um (All chonotnch cihates :ﬁ
eciosymbonts species was photographed on the
plate (1) of the reshwater louse. Gammarus The antenor ALL SCALE BARS 20 um UNLESS
end of the cell has a spiral bid of cyioplasm (2], m the valley OTHERWISE INDICATED




A Relatively small cells (about 20 um]wuhhnguglntypacknd and slowly beating cilia. Sometimes
with a posterior caudal cilium. Makes occasional jumps. Polar mouth, but without distinctive nema-

todesmata.

See Foissner (1979, 1983), Dragesce et al. (1974) for
accounts of this genus.

Figs 382 & 383 UROTRICHA

Figure 383 Unotrache Rather small slow-moving barred-
shaped ciliates. They can ingest a vanety of larger food
particles, such as algas and detrius, using a cyicsiome (1)
at the antenor end of the cafl The food 15 enclosed within
food vacuoles (2) which accumulste &t the posienor end of
the ceil In living cells the cilia (3)are long, densely pacieed,
and beat langudly, Metschrons] co-ordinstion = cazly
seen One cilium. the candal cilinm (4) at the postenor end
of the cell, = longer than the rest. The macronucleus (5) and
some mitochondns (5) are alse visible Differential interfer-
Ence Conrast.

B Mediumto large cells (50-300 um) in which the mouth is located at the anterior pole, and under it are

extrusomes and/or nematodesmaia.

Figs 384-386 PRORODON

1580




Figure 385 Frorodon The cell & egg-shaped with the
mouth (1) located af the spex of the brosder end The
botder of the mouth @ endent. Microtubular rods (pot v
ibie here) lesd from the mouth o the cell Ties photograph
was faken with the surface of the cell in fbcus and the
kineties (23 and the rows of cilia (3) are partcularly clear
There iz 3 contractile vacucle at the postenor end of the osll
(4) Thas oroamasm & mosty 8 scavenger, the mouth béang
sptabse Or the mestion G BrQer non-motte partches
Dhfferantial mterfenencs corirast

Figare 386 Prosodion  Although thes pichore does nol dlustrate
the seme Specyes a3 shown In g 385, the two photographs
are mended o be oomplementary, this booe haang the
centre of the call not the smface, In locus Clearly vimble
are the apical mouth (1), with the associated mucrotubular
rods, and the postenor contractils vacuole (23 The macro-
oucleus {3), a large bod vaoole (4) and cilsa (5) can also be
sesen. Alkhouoh thes species = swndently capable of ;mgesting
ute |rge parncies of bod (e food varuole Ouaileds &
dmofiagellate being digested]) the cytoplasm contans
mETEErTus aoochioreilae (G) These are meabohcally acthee
providing the host with some of the prodocts of pholo-
synthesis Differential mierference conirast

A Inaddition to a spike, broad bands of cilia wrap around the wider upper part of the body, which is

60100 pm long.

The spike is a caudal tft of cilia, which appears to
produce the mucus used to connect cells loosely to
the subsirate. Attached cells seem fo 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 Duher (1570)

Figs 387 & 388 UROCENTRUN



Figure 388 [rocenrum This gemus behaves a litle ke a
spanning top: the &l (& caudsl mft of cilia) (1) loossly
ataches o debns and the call oflen appears (0 Spin round.
Uirocentmum feeds mostly on suspended bactena. and is
related o Paramecium Like most members of the later
genus, 1t has inchocysts (2) and a contrachle vecucle (3)
with rachanng collecting canals (§). 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
sesziline peritrichs (see notes after Steps 119 & 179).
For taxonomy, see Foissner (1975, 1877).

Figare 390 Astyiozoon. A fres-swimmng penimch cilate
As with most peritrichs, feeding (and, in this case, move-
ment) = acheved by means of the wresth of cilis around the
hroadened anterior end of the call (1) The postenor end of
the cell has a =mall spike (2). A confractle vaecucle (3) and
saveral iood vacuoles (4) lie insde the call 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 s reviewed by Dragesco (1963), and Grain
and Golinska (1969),

Figure 332 Dilepius A predatory cilate. usslly encountered |
swimming in the water. It 13 round in cross section The
mouth (1) lies at the base of a flexible proboscas (2) which &
swept through the water 1o increase the chances of contact
with suitahle prey. The probosms contains numearoos kalling
extnmomes, but these cannot be seen in thes photograph. A
few cilia (3) and some of the contractile vacuoles (4) are
visible Dileptus can be more than | mm in length, but Hisis
ﬁ"” Differential mterference conitrast (Scale bar
)

150-400 pum long. Fig. 383 TRACHELIUS

A Ciliated cells with colour. GOTO 188
B Non-ciliated cells. GOTO 187

A Cells firmly attached to the substrate. GOTO

B Cells floating freely, or able to move slowly over the substrate by gliding or rolling.
HELIOZOA GOTO1

The heliozoa all have sphernical bodies from which them. The long arms increase the chance of contact
stiff arms radiate, supported intermnally 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, Le. 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 1888, and desmothoracids, Step 195) Many
species have scales or spicules lying on the outside

of the body. Numerous new species are being des-
cribed (Diirrschmidt, 1985; Nicholls 1983a & b
Nicholls and Diirrschmidt, 1985 Croome, 1986,
1987). Some filose amoebae (Step 83) may be con-
fused with hehozoa

A Large cells (body diameter greater than 100 um) with a peripheral layer of large vacucles.

Actinosphaernium s 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). ARer excyst-
ment, uninucleate cells, which may be mistaken for
Actinophrys, emerge. Members of this genus have
been called Echinosphaenum. For an introducton
to the literature, see Smith and Patterson (1886).
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B Cellbody less than 100 um in diameter.

Figs 394 & 395 ACTINOSPHAERIUM

Figure 395 Actinosphasrism (alss known as Echinosph-
senum) A muitinuclested hebopoon that 15 releted o Actmo-
phrys The arms (axopodia) (1) taper from the base owards
thew disial tips. i scrunnimed carefully, they may be ssenio
suppor extrusomes. The axopodia pass through & penpheral
layer of large vacucles (2) 10 end on or near & nucleus (3)
The nucle e a layer just under the peripheral vacuoles
The oell has one or more comrachle vacuoles (€) which can
be detinguished by thes habit of slowly filing with Bud,

This individusl 15 1n the process of ingesting a rotifer (5}, and
of digesting another lymg near the centre of the call (BL
Differential interference contrast (Scale bar 100 pm.)

GOTO 189
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| m 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

Figure 387 Actimophrys. A uninucleated hebozoon The
arms (axopodsa) (1) t2per from the bases towards their distal
tips. Small eanrusomes, which are mvolved in the capture of
food may be seeqn moving on the arms and over the rest of
the body. The mecronbilar axonemes, whach suppoit the
arms extend through the body, becoming visible (2) mst
befors they termunate on the surface of the nucleus (3). The
nuclens has penphersl noclech which make it rather ob-
vious. This species eals flagellates and protozoa; these are
digested within food vacucles (4) which e near the surface
The degree of vacuolation of the cytoplasm (here hghly
vacuolaied) depends on the recent feeding hstory of the
individual Phase confrast
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Figure 388 Actnophrys feeding Small flageliates and
iE Fil cihates constiute the osual diet of thes hebosoon. The arms
] y (2) cften appear roudgh because extnisomes move along the
il skedetal support, deforming the overlying membrane. Ex-
. f F trusomes can somenmeas be seen on the surface of the cell
I | u body (1} They are extruded as potential prey bumps into the
", - /"‘ arms; the prey (in this cass, Cofpidium (3)) i= then held near

the body. Next, a funnal-shaped psesdopodium emerges 10
envelop the prey. The leading edoe {(4) creeps over the
cilia of the prey until it is enclosed within a food vacuclke
Prey death and lyss ocour only after complete enclosure
Many mdividual hebozos may fuse together during feeding
Differenial interference contrast
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Figure 398 Cyst of Actinophrys. The cyst is comprised of a
number of layers The ouwermost that can be seen (1) 5
made from uregnlarty shaped siliceoss plates, &s 5 evident
from the singie detached piate (2) A gap sepaiates this
from a form. spherical orgamc layer (3), inmde which = the
granulsr cytoplasm (4} Cysts form in dense culhres when
food s depleted. The cyst wall reduces water joss, but does
not protect the coll from desmccation. Most of the character-
istics of the trophic cell (Fig 357) are lost when encystment
ocours Diferential mterference contrast

B Parallel-sided, delicate arms with prominent extrusomes.
THE CENTROHELID HELIOZOA GO TO 180

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 181
A Bodynaked. Usually small (less than 30 ym). Figs 400(a) & (b) OXNERELLA

Members of Omnerella are most easily confised ganic spicules (Step 152).
with Heterophrys, a genus characterized by its or-
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Figures 400(a) & (b) Cimeralla A centrohelosoon (centro-
hebdian hebomon) with the parallel-sded arms (1) and
prominent extrusomes thal are typical of the centrohelids
The arms are contrachie, collapsng upon sustable stumuhis
{e.g wibranon) o leave only the axtmsomes evident at the
surface of the cell (2) Also vimbile are nucled (3) and con-
ractle vacuckes (4) |t may sometines be difficul! o distin-
guzsh members of the gems Heterophrys (Fig. 404) from
those of Cxnerells because Heterophrys can have a peri-
plast of delbicate (almost innmble) orgamic spicules Phase
contrast
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B Witha layer of mucus around the cell. 12-30 pm in diameter. Figs 40] & 402 CHLAMYDASTER

Members of Chlamydaster are very easily confused
with some species of the filose amoeba Nuclearna
(Step 83).

401
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Pigure 4028 Chilamydiaster The distinguishong leature of this
genis of centroheliozoa = the layer of mucus (1) that an-
cases the cell Through this layer pass the stff arms (2) with
ther partcie-hice extruscmes The genus = exsly confused
with some muclearnd filse amoebas such as Nocisana
debcaiuis (Fig 150) Fhase coniras:
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Emm Heterophrys, This ceptroheliozoan genus is dis-
tinguished by the presence of organic spicules (1) around
the body, Confusion with other centrobeliozoan geners,
such as Acanthocystis (Figs 411 & 412) or Oxnerslla (Fig
400}, 1s possible. Acanthocystis can ba distingquished by the
presence of a layer of plate scales, and these are siliceous.
Confusion with Oxnerslls is possible because Haterophirys
may have such delicate spicules that the csll may appear
naked The spicules of Heierophrys may only appear as an
ill-defined halo around the cell Some species are said io
occasionally lose all their spicules. As with other spacies of
hehozoa, the stiff arms (2) and extrusomes are used in the

capture of food. Phase confrast
B Body(10-150 pm in diameter) with scales and/or spicules. GOTO 193
A With flat scales only. Body 10-150 pm. Figs 405-407 RAPHIDIOPHRYS
See Siemensma and Roijjackers (1988), and Patterson
and Dirrschmidt (1988) for details of this genus. 405
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Figure 408 Esphidwphnyz A centrohelidian hebosoon
{centrohebozoon) All hehomoa of this type have thun, par
allel-sided arms (1) (axopodia) with prominent extrasomes
(21 The macroubular axonemes that support the axcpodia
pass through the cyioplasm 1o temminate on & centroplast
(3} asmall body Iying in the centre of the cell The muckeus
(4) is displaced o an eccentnc position. Most of the or-

ganelles vimbie with the hght micrc

Dy & iayer (penpiast)
particular genus has scales o
ence Coinlrast

Spines and/or scales. This
nly (5. Differanhsl mjernisr

Figure 407 Raphidiopfrys The namow anms with prom-
nent extrusomes (1) are evident, as s the layer (penplast)
of siliceous scales (2], This genus s distincguished by having
spicules. As with ac-
many o may fuss
J. ey draw apart and

B Withscales and spines.

A Spinesare trumpet-shaped. Body 10-50 yum in diameter,

See Dirrschmidt and Patterson (1387), and Rainer

{ 1968) for discussions of this genus.

GOTO 154

Figs 408 & 409 RAPHIDOCYSTIS




Figare 408 Raphidocysts The genus of centrobelidian
heloana bax s Eyer of Sarmenad plate scabes g clioses o the
body suriscs. but 2 5 detingushed by the radiaing trampet-
shaped spine scales (1) The typecal centrohebozpan arms
(narrow, nol tapenng) and prominen! exresomes are evi
dent (2) Phase contrast

Yoy

o
-

B Spines are figrked or have a single point. Body 20-150 pm. Figs 410-412 ACANTHOCYSTIS

See Nicholls (1983), Dirrschmidt (1985) Nicholls
and Dirrschmich (1885), Croome (1986, 1887) and
Rees ef al. (1980) for an introduction 1o the hterature.
More recently, some specialists have divided this
genus on the basis of the ultrastructural features of
the scales (Page and Siemensma, 1981)

410
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Figure 411 Acanthocystis A centrohebozoon with the typt
cal marrow centrobelidian AR (1) and prominent &x
trussomes. All spe thes genus have nRhooous BCAKS and
snines, which iogether make up the penplast (2). The dil-
ferent speces are distinguoshed by the varymng appear-
ance of the spines and scales This oall comEins green
chioroplasts. suggesting a recent meal of algae. Alsd visble
are several filaments of the green alga. Ulbthnx Phase
confrast




Figure 412 Acanthocysns A centroheliozoon of & different
speces from that shown in Fig. 411 The plate scales (1)
form a oghily packed layer that is closely adpressad o the
surfece of the cell There are suaight (cof Fig, 40) spines of
two lengths (2] and (3} Care must be taken to distinguish
thexrn froen the axopodia (4) winch have extnesomes. Positive
dentficaton now requires alechon-microscopacal stady of
the siliceocus artefacts Within the call the nucleus (5) can be
seen Phase confrast

——

A Amoeboid organism living in a stalked, perforated, u:gmctm.thrmghthepmmﬁwha:hanend
fine stiff pseudopodia. The pseudopodia bear small granules or extrusomes. Lorica 25-100 pym in
diameter. Fig. 413 CLATHRULINZ

Bardele (1972) describes the fine structure and gen- 413
eral bioclogy of this desmothoracid heliozoon. The
Iife cycle has a flagellated and an amoeboid phase.
Some aspects of the biology of a genus of smaller

species (Hedriocystis; Fig. 414) are discussed by H;.a-t_:'u;:
Bardele (1972) and Brugerolle (1988) b e
- ':'-.':_.-‘-\-' L
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Figure 414 Hedripcysis. A desmothoracid bebozoon. The
amoeboid crganism bves wilhin a stalked (1) west (2 Beli- .
cale arms (3} bearnng extrusomes extend through small
aperiures m the test There may be a complex life cycle
mvoiving fagellated swarmers, an amoeboid stsge, and an
encysied phste Ths genis contains relstvely small
species. but a second genus (Clathruling) of much larges
olganisms may aklso be encountered Phase contrast

B Organisms with rounded or conical bodies from which radiate fine arms, each of 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 cibates that lack both locomotor cilia
and feeding ciba. 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 suctona

A The body is attached to the substrate by means of a stalk.

I_ Without a stalk. Size variable, 10400 um.

‘There are several genera of non-stalked suctoria
Others are, e.g..ffe.ﬁmh:}'aﬁi'%guﬁ]andme
ectocommensal Dendrocometes (Fig. 417).

SUCTORIA GOTO 196

have prehensile anms, used to collect debrnis. Ciliate
affinites 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,
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Figure 418 Thchophrys and Peranema Trickophrya (1) =
a socworan cbate but unliice moes geners of suciona it has
no stalk. and the body s pressed against the substrase The
mouths or anmns (£) radate from the body, Each arm =
swollen atf its tp where the extrusomes (used m the capture
of cbaes) arer conceniraied ook e cadl the macromackeus
(), mecronucle (4) and contractie vacooks (5) can be seen
Also vimibile 15 a4 small species of the phagorophic auglend
Peranema (B} (see Fig. T1), with s single amtenor flagelham
Phuaser contrast

Figrare 417 Dendrocomedsd Thes sucionan rves on the gl
plates (1) of the freshwater crustacean Gammaness Sincily
the it = oot 8 res- g orgamem (although it only usss
the @il plates for support) bot # & mcloded 1o lusirate 5
b= famaliar fond of suctonan crgarcsaton. The anms in the
genus are arborescent, Le. (héy branch. In some arms e
central canal (2], along whch bod passes can be seen
Cnly part of the body of the clhate, along with seversl
contractis vaouokes (3], = m oo Differenial inierferanos
conirast

A The body is lodged in a test or lorica (20300 um long) shaped like a stalked egg

See Bardele (1968, 1970) for detailed accounts, and

Curds (1985a & b) for taxonomy

418
‘_.-"
‘-\._\‘“.\-.\-‘ % . \ | #
) f";'?";“_., ‘F__
g . / -
=i F \- I'll L
\ |
\
‘A

cup. |
igs 418 & 419 ACINETS

Figure 418 Acneta A suctonan Members of this genus ars
contsmed within an extracellolar lonca (1) and supporess
on & s2alk (2) The arms (mouths) (3) are very clearly arman
ged m custers (Bsowches) Each arm termninates m & brosd
knob winch bouses the enmnsomes used o hiold omo prey
(other cihate=] Phase contrast (Photo Tore Lindholm )




B Without a lorica. GOTO 198

A Thearms are grouped in clusters, and the body is drawn out where the clusters arise. Cells 20-200 ym
long. FIU-&MTGEOPHEYH

B The body is almost spherical, arms not clustered. Cells 15-250 ymlong.  Figs421-424 DISCOPHRYA

R v

Figure 423 Podophrya. A suctorian ciliste. The trophic or-
grmsm (a5 flustrated here) has no ciba. The organism =
attached to the substrate (1) by an extracytoplasmic (secre-
ted) stalk (8). A munber of arms (3) radiate from the body,
each of which isa mouth the knobs (43 a1 ihe tips of the arms
oontain the numersus extrisomes t2ad 1o hold onto ciliate
prey, Phase contrast

o

R T

Fiqure 423 Tokophrys feeding The individual shown hers
(1) is atypical because the stalk: (2) is very short. The arms
{mouths) (3} radiaie in clusters from the aboral end. Each
arm has a swollen tip where the extrusomes used in caph-
ing ciliate food are located. Cne tentacle (4) has & fiom grp
on & ciliate prey, Colpidivsn (5). The ciliale remains alive as
oyiloplasm is sucked along the arm and into the body of the
suctorian. As is usual after feeding, the cytoplasm of the
suctorian looks granular. The prey may be released (alive)

'_aﬂ.e: feeding s compiete. Differential interference confrast
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Figure 4M Dscophrys and swarmes Many sesmie cibates
procuce motile, cbated larvee (aleo called SWaImeTs) Upon
divmion The swarmer, unllke the wophac oell = able o
seal oul new sites I winch o settle Thes pecture ermbiles
companson of the gophie stage (1) with that of the swarmes
(2} The troptec cell has no ciha and numerous arms, al beast
one of which (4) = atached 10 2 aliste (3), upon which the
suctonian 8 feeding Afer bemg relessed the swarmer
swims atound untd i finds a swehie place 1o settle Meta-
morphoms then ooours. as shown here Ciha (5) are sall
prasent. but the arms (5) and stallc (T} have begun to dévelon
Lufferential inferference confrast,

A small number of ciliates are coloured. A green coloration is usually caused by symbiotic green algae.
Most genera that have green species, ﬁuhnmm{mm&lp 138; Coleps,
Step 180, Euplotes, Step 138, Frontonia, Step mm&mmmm 182; Stentor, Steps
118 and 163; Vaginicoda, Step 130). Different species with symbiotic algae are often encountered together.
Care should be taken to distinguish recently ingested algal food from symbionts: food particles will have
different colours and be of different sizes, while symbiotic algae are similar in size and colour in any one
cell A list of ciliates with symbiotic algae is given in Christopher and Panterson (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-
ganisms In the water column of bodies of fresh water
are usually a function of the amount of available
organic matter. Oligotrophic lakes and over-
wintering 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 bacteria and detritus
may form n the water as a result of microbial activity;
these aggregales may support & 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 sphencal
(1 & 8), the feather-shaped colonies of Dinobryon
(2-4) are atypical The heterotrophic flagellates
most usually consume bacteria, whereas the larger
ciliates (15, 16 & 189) 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 endesymbiotic 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), § Paraphysomonas (Figs 28, 100 & 101), 6
Kathablephans, 1 Tracheiomonas (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 375-377), 18 Phascolodon (Figs 314 & 318), 16
Lembadion (Figs 318 & 319), 17 Hastatella (Figs 372
& 373), 18 Euplotes diadaleos (Figs 255-261), 19
Tintinnidium (Fig. 370), 20 Halteria (Figs 304 & 305),
31 Cyclidium (Figs 331 & 332) (Scale bar 50 um).
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Attached communities

Submerged surfaces, whether inert, of plants or
anmals or of detritue, often harbour rich and diverse
commumties of protozoa Some species are per-
MMHmmmmm

Mla::had typically remove food (in the
mmdadpumcias}trm&mmmmm
mbrmgﬂngnﬂnntcﬂmhmteamd
mmmmmmmm
kind of filter system. Hebozoa (7 & 8) adopt a dif-
ferent approach, relying on ﬂnmnmuﬂhu
prey, mﬂyhgalhtuam ciliates, t©
guarantee contact with the food Food is trapped
after it touches the ‘adhesive’ arms. Smaller
species (flagellates, (1-6) and pentrich ciliates
typically consume dispersed bacteria; the larger
species prefer bigger food (usually other protozoa)
Many attached cihates have specialized distn-
butive stages (larvae or swarmers) which are pro-
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new habitats. mmmcmm h

mouths (15), hypotrich ciliates (13 & 14} and
bodomd and euglenid flagellates (7-10). The
usually consume imimchal attached- bacte:
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1 Monosiga (Figs 28(a) & (b) & 30), 2 Codosiga (Figs 410-412), 13 Aspidisca (Figs 246 & 247), 14
(Figs 43 & 44), 3 Anthophysa (Figs 45-47), 4 Bi- Euplotes (Figs 258-261), 18 Trithigrnostoma (Fig.
cospeca (Figs 31 & 32), 8 Actinomonas (Figs 26 & 299), 16 Acineta (Figs 418 & 419), 17 Vorticella
27), 6 Paraphysomonas (Figs 28, 100 & 101), T Bodo (Figs 232-235), 18 Vaginicola (Figs 242 & 243), 19
(Figs 25, 67-689), 8 Rhynchomonas (Figs 62 & 63), 9 Stichotricha (Figs 218 & 219), 20 Stentor (Figs
Urceclus (Figs 87 & 88), 10 Entosiphon (Figs 75 & 213-216), 21 Chilodonella (Figs 297 & 298) (Scale
76), 11 Clathrulina (Fig. 413), 12 Acanthocystis bar 50 um).
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Benthos

The benthic environment accumulates energy in
two ways from organic matter that settles from
above; and by photosynthesis of orgamsms n the
sediment In most standing bodies of fresh water,
the prowision of energy through detntus usually
exceeds that produced by photosynthesis Con-
sequently, there tend to ha large numbers of
bacteria and of the protozoa that feed on bactena
The particular composition of the protozoan com-
munity depends on the season. the arnount of orgamc
matter, and the depth of the overlying water, etc.
The commaunity lustrated here 15 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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1 Paraphysomonas (Figs 28, 100 & 101), 2 Noio-
solenus (Figs 79 & 80), 3 Entosiphon (Figs 75 & 76),
4 Peranema (Figs 70-72), § Bodo (Figs 25, 67-69). 6
Protaspis, T Rhynchomonas (Figs 62 & 63), 8 Petalo-
monas (Figs 82-84), 8 Crypiodifffugia (Figs 1686 &
167). 10 Arcella (Figs 171-173), 11 Difffugia (Figs
186-188), 12 Amoeba (Figs 194-187), 13 Mayorelia
(Figs 192 & 153), 14 Pompholyxophrys (Figs 158 &

189), 15 Actinophrys (Figs 396-399), 16 Actino-
sphaerium (Figs 394 & 395), 17 Loxophyillum (Figs
282-284), 18 Cinetochilum (Figs 250 & 251), 19
Cychdium (Figs 331 & 332), 20 Paramecium cauda-
tumn, 21, 22 Aspidisca (Figs 246 & 247), 23 Euplotes
(Figs 259-261), 24 Stylonychia (Figs 256-258), 25
Spirostormum (Figs 321-323) (Scale bar 100 pm).
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Organically rich benthos

Benthic habitats are penodically likely to accu-
mulate large quantities of organic matter, such that
the physwlogical demands made on the organisms
become much grester; survival may depend on
tolerance to low oxygen levels or acidity.

In orgamcally overicaded sediments, bacteria
and dissolved organic matter are the principal
sources of food, and most species of indigenous
protozoa are bactenvores or osmotrophs. Compared
with well-aerated sites, there is little diversity in

become common These species are largely the

Helkesimastix (Fig. B1), 2 Bodo saltans (Figs 25 &
3 Bodo caudatus, 4 Heteromuta, 5 Cercomonas
65 & 66), 8 Chilomonas (Figs 96 & 97), 7

(Figs 104(b) & 105), 8 Hexamita (Figs
104{a) & 106), 9 Bodo saltans (Figs 25 & 69), 10
(Fig. 102). 11 Polytoma (Fig. 95), 12
(Figs 89 & 92), 13 Crypiodifflugia (Figs 166

EE?Q

I

& 167), 14 Colpidium (Figs 337-339), 18
(Figs 248 & 249), 16 Paramecium caudatum, 17
mmﬂﬂ‘u 348), 18 Cyclidmm
331 & 332), 19 Haltena (Figs 304 & 30S), 20
sticha (Figs 268 & 269), 21 Diplophrys (Figs 146
147), 22 Spi teres (Figs 321 & 322),
Laxodes (Figs 280 & 281) (Scale bar 50 um).




ORGANICALLY RICH BENTHOS
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Anoxic benthos

As the orgamic loading in a habitat nises, so the
amount of oxygen required by the microbial com-
munity, which degrades the organi¢ matter, rses.
In benthic environments, oxygen is only supplied
from above. As it diffuses into the sediments, it is
consumed by the microbial commumity. 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 metabohsm 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 varous
sulphur compounds are used (with methane and
sulphides as by-products); metal salts, especially
iron, are converted o 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 physiclogical 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 vanety of specalized protozoa
exist in such conditions. Some of these (pelobionts
and diplomonads 1-6) are believed to have
evclved 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 aercbic metabolism to suit
life in reduced habitats, a major benefit of which 18
reduced competition for rich supplies of food.

1 Mastigamoeba (Fig. 81), 2 Masngella (Fig. 86), 3 8 Spirostomum (Figs 321-323), 10 Plagicpyla,
Pelomyxs, 4 Hexamita (Figs 103, 104(a) & 106) § Loxodes (Figs 280 & 281), 12 Saprodinium,
Trepomonas (Figs 104(b) & 108), 6 Trigonomonas, T ?ﬁm li]ﬁmrpha (Figs 306 &

Brachonella (Fig. 310), 8 Metopus (Figs 308 & 308),
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Sewage treatment plants

Sewage treatment plants receive water containing
dissolved and particulate organic matter and
bactena in suspension. The purpose of the plant is
to remove this matter, a process usually carned out
by a microbial community of (principally) bactena
and protozoa The commurnity removes the incoming
orgamic matter by converting if o a form (flocs,
shime, etc) that can easily be separated from the
flund, with the result that a relatively clean effluent
Is produced.

Because this process 1s biclogical, 1t 1s sensitive
to factors which may affect organisms The process
will change as a function of the tempemture, the
nature of incoming matenal pollutants, and the
nature of the microbsal community, etc. Two factors
have a majpr influence on the bwlogcal com-
munity and the performance of the process the
length of time that Incoming sewage 1s exposed to
microbial processing (the retention or residence
time), and the concentration of organic matter
being added to the process (orgamc loading).

In normal water bodies, microbial commumnities
that receive an input of organic matter are normally
subject 10 a predictable sequence of change a
succession, which begins with the growth of
bactena Predators that eat bactena, 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 bactena so
ﬂnlmedemdbruxmnﬁlﬁmna:luﬂme

eat bacieria, and some small amoeba are usually
next to appear. They are followed by slow-growing
ciliates and amoebae, which are often specialized
o eal resincted types of food (e.g filamentous
bactena, other cihates, etc) Given that environ-
ments are not homogeneocus it may be possible to
find a few representatives of any part of the suc-
CESS10n0 at any one time.

Most sewage treatment works are biclogical
systems whith are subject to an input of organic
maiter. Because the inpul is continuous, the normal
development of a succession does not occcur. In-
stead, the succession is terminated at a stage that is
determined by the rate of flux of fimd through the
sysiem. The passage of flwd through the system
removes some of the orgamisms 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 proiozoa such as flagellates (Zone A) or
small ciliales (Zone B} If the passage of fhud is
slow, then a greater diversity of organisms is likely
to appear, ulimately extending o metazoa which,
in contrast with protozoa, have slow rates of repro-
duction (Zones Dand E).

An increase in the orgamic loading leads o a
higher demand for cxygen 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 condinons (Zone
A) (pelobionts, 1, diplomonads, 2). Heavily loaded
systems with low levels of free cxygen will favour
those flagellates amoebae, and small cliates (3-17)
normally found in crganically 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 18
usually smaller in underloaded plants.

The zones dlustrated over the page indicate the
kands of organisms that are hkely % be prevalemt
under particular crcumstances The boundanes
between zones/communities are not clear cut The
organisms in Zone A are mostly anaercbes or micro-
aerophiles and are found in high-rate sewage
treatment works that take in very high concentra-
oons of organic matter. Such plants are usually
found in urban areas, where the pressures of popu-
lation tend 10 necessitate a rapid flux of matenal
through the plant Such plants often produce a

isms are usually foond in plants with a moderately
hghnmnm loading and with a fair quality of
effluent in that the organic matter separates readily
from the flmd Sewage plants with communities
dominated by organisms in Zone C and above usu-
mma:mmmdm

npmmm:rrhxthammwwmemmmm
convert InComing organic matter. Systems harbour-
mmmum]rmzmm[}demhamu
fairly long residence time (e.g ditch systems)
Such systems produce minimum amounts of sludge
and so reduce transport and disposal costs How-
ever, they are mefficent in that relatively small
amounts of sewage are treated, and at a low rate,
and they can either be given more orgamc matter
or be run a! a faster rate.



SHORT RESIDENCE TIME

ORGANIC LOADING
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1 Mastigamoeba (Fig. 81), 2 Hexamita (Figs 103,
104(a) & 108) and Trepomonas (Figs 104(b) & 105),
3 Paraphysomonas (Figs 28, 100 & 101) and Oico-
monas, 4 Chilomonas (Figs 96 & 97), 8§ Diplophrys
(Figs 146 & 147), 8 Pamphagus (Chlamydophrys),
(Fige 188 & 189), 7 Vahlkampfia, 8 Podo saltans
(Fig. 69), 9 Monosiga (Figs 29(a) & (b) & 30), 10
Cercomonas (Figs 65 & 66), 11 Goniomonas (Figs
98 & 99), 12 Cochliopodium (Figs 18] & 162), 13
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Cinetochilum (Figs 250 & 251), 14 Cyclidium (Figs
331 & 332), 15 Aspidisce (Figs 246 & 247), 16 Tracheio-
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, 24
Vorticella spp. (Figs 232-235), 24 Chilodonella
(Fig. 208), 28 Bicosoeca (Figs 31 & 32), 26 Poterio-
dendron, 21 Peranema (Figs 70-72), 28 Arcella
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(Figs 171-173), 29 Trinema (Figs 180 & 181), 20
Litonotus (Figs 285-287). 31 Actinophrys (Figs
396-399), 32 Operculania (Figs 226 & 227), 33

Rhabdostyla (Fig.  237),

plrys, 31 Oxytricha (Fig. 263), 38 Zoothamnium
(Figs 220-222), 39 Vorticella hamata, 40 Prorodon

(Figs 384-386), 41 Spathudium (Figs 275 & 276), €2

thrcﬂsslum {]-"m

Colpidium (Figs 337-339), 43 Tokophrya (Fig. 420),
44 Acineta (Figs 418 & 419), 46 Paramecium cauda-
tum (Fig. 334). 46 Euplotes (Figs 250-261), 47 Spiro
stomum (Figs 321-232), 48 Pleuronema (Figs 333 &
334), 49 Steator (Figs 213-216), 50 rotifer (Fig 15),
81 nematode (Fig. 18) (Scale bar 100 pm).






Clossary of terms

Aboral: relating o position - away from the mouth (cf Adoral).
Asropematic: relahng o lagellurn - with thinner regeon nesar the tip (destal)
Acsnophryid: a type of heliozoon (see Step 188) with tapenng arms, e.g. Actinophrys and Actincsphaernum:

Assnopod: pseudopodium with an internal support, usually of microtubules; or organisms (heliozoa, radiolaria) with
=xch pseudopocha.

Assvated sindge plant- par of one type of modemn sewage reatment process I which sewage 1 viclently serated, and
mésch (typecally) supports large populations of cibated protozoa.

Adaptive suategy: a suite of inked properties of an organem, which together maks 1t more competitive Often saud of
ssslutionary trends in which convergence is evident (e.g sessile habit, colonial habit, etc ).

Adhering: attached.
Sdewal relating to position — near the mouth (of Aboral)

Adcral zone of membranelles: a band of membranelles found in polyhymenophoran (spuromch) cihates (Step 116). It
spends from the front of the cell to the cytostome. Mostly used for feeding, but occasionally for locomotion.

Agar a commercially available gelling matenal used as a basis for cultures of bacténa, fungi and some protozoa. Add
L% gper 100 ml of water Heat indirectly in a water bath When molien, pour into Petn-dishes or equovalent containers.

Eggiatinated: sticlang'siuck 1ogether. Often sasd of the tests of some protozoa. winch are made from peeces of debns
‘menosomes) that adhere 1o each other (Mg, 187)

Aigee: organisms capable of photosynthesis without relying on symbsotic organsms. May be prokaryotic = bactenal
blse-green algae = cyanobactena), or eukaryotic, m which case mostly (some say exclusively) protists Saidof e.g
eenalgae. brown algae. diatoms, chrysophytes (chrysoflageliates) and cryptophytes (cryptoflageliates)

Sesicate: no lonca present.
Asoeba: protists that move using pseudopodia.
Amceboid: like an amoeba. Usually means that the organism has the capacity to produce pseudopodia.

Asphizcic/amphitrophic: said of orgamsms capable of gaining energy and nutnients by both autotrophic and
Sssterotrophic means (= mixotrophic).

JSempuillae pari of the conirachle vacuole complex of some protisss. Distenmble channels found in the viomty of
msfractle vacuoles (Fig 2880
Asastomose: said of pseudopodia that branch and fuse, thereby forming a network. As in Bliomyxa (Fig. 144).

Semmals: multiceilular eukaryoles, mostly with cells armanged in epithelia (layers attached 1o collagenous base),
sy energy and notrients by ingesting particles of food. or clearly related 1o such organisms. The invertebrates and
wrebrates. Inappropnately used m reference to protists, e.g. when protozoa are referred 1o as wucellular ammals.

Ascxic: no free oxygen present, a situation that commeonly anses in natural habitats when the biwological demand for
mpoen exceeds the supply, & g. in sediments or when a site 15 orgamcally poliuied.

Asserior: the front part of the cell Usually determined as being in the directon of normal movement
MApermare: an opening. Used in relainn o tests or oncae to refer to the site of emergence of peeudopodia, flagella. or

Apex the most anterior point of a cell
Agical: pertaining o the apex (the antenior pole)
Asborescent: relatng to type of colony with a tree-like, branching patiern.

:lrg?. thin, non-motile projection from a cell. pseudopodsa of hehozoa (Fig 397T) or feeding tentacles of suctona
419).

Ashalamida: a type of amoeba with filose pseudopodia and no shell Usually regarded as being related 1o foraminifera.

ﬁﬁﬂhﬂﬂbahﬂd point of the substrate, either permanently (cannot easily detach) or temporanly (can
wsasily let go

Aeypical unusual Normally said of an organism that isquite unlike other members of its group.
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Autotrophic: organisms that trap energy from physical or chemical sources and use the energy 10 assembie the
macromolecules of which they are made, e g. photosynthesis (cf Heterotrophic).

Axenic: said of cultures, to indicate that no other species 1/are present. that s, without bactena, pure.
Axig s conceptual Ene pasang from the antencr pole of the cell to the pastenor pole

Axoneme: a geometncally packed assemblage of microtubules (subcellular scaffolding) used 10 support flagella, the
armsaf hehozna, etc.

Axopodia: pseudopodia with imternal skeletal structures made of microtubules.
AIM: abbrenanon for adoral zone of membranelles
hﬂhﬂ:nﬂ{d Ventral)

Bacteria: prokaryotic organisms. Typically used to refer to those not having photosynthetic pigments, but stnictly
mcluding the blue-green algae (crancbactena)
Bacterivone: eals bacterna (= bactivorous)
Bacterivorous: said of bactenvores.

Basket a cylindrical assembilage of microtubular rods, whach surtounds the mouth of some cyrophore cibates (Fig.
J719), and is used dunng the uptake of food.

Benthic assocated with the benthos.

Benthos: the bottom sediments of nvers, lakes, ponds, etc..

Bicosoecida: a type of filter-feeding flageilate (Fig. 32)

Biodisc: part of a process ol sewage treatment. Usually supportsa film nch in protomoa.
Biogenic: produced by iving orgamsms (e.g. biogemcally denved mactomolacules)

Black mud: reduced muds found below the surface of sediments in lakes, rivers, etc. The blackness is caused by the
occurrence of metal sulphides.

Bloomm: dense growths of orgamsms, usually algee. Typecally short-hived and typically of one species.
mammwmmﬁmmmmm 15 caused by acoessoTy
photosynthetic pigments (Fig. 4). '

Blue-green algae: the only kind of alga that s prokaryotic Some prefer the terms cyanocbactena or blue-green
bactena’ o emphasze prokaryotic affinines.

Bodonid:a type of small flagellste (Fig. 68) related 1o rypancsomes.

Bright-field optics: a method of setting up mucToscopes 10 gain maximum resolution. Contrast is low, so suitable for
staned matenal, not sutable for cbserving most protozoa (Fig. 490

Buccal reiating io mouth strucihures (e.g. buccal ahatare).
Capitate: witha head. Saud ol tentacies of, &.9. Mesodinum (Fig. 274).

Cell: mass of cytoplasm bounded by plasma membrane. Of two types: prokaryotic or eukaryonc Eulkaryohc organisms
are the amimals plants, fungn and protists. Most protists are comprised of a smgle cell, and with protists, the term
‘organism’ 1s synenymous with ‘cell.

Callnlose: polysacchande uned o make the wells (normally around the cutside) of certain types of call
Centric a type of diatom (Fig. 8) extubiting radial symmetry. e g Stephanodiscus and Melosira

wnmm with thin, paraliel-sided, arms and with promnent extrusomes. e g Acanthocysas
411)

Chilorophyll: a famaily of pegments used in photosynthess to rap radiant energy. Normally located within chicroplasts.
Chioroplasts with chlorophyll b have a bright green colour, while thase with chlorophylisa and ¢ are off-greenor
yellow-green See Colour

Chloroplast: an organelle found in eukaryotic algae and plants {(and occasionally as symbsonts i certam protozoan and
angmal cells) The site of photosynthes:s and of chiorophyll See Colour and Chlorophyll

Chonotrich: a type of ciliate found as an ectosymbiont on crustacea (Fig. 381).

Chromatic abetrration: a lault in microscopes that leads 1o a failure in the object being imaged fanhfully. Colours are
poorly imaged so that the ‘wrong' colour 18 seen. or a colour may be seen when none 1 present i the object.
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Chromosomes: assembilages of the molecule DNA m nuclss of eularyotic cells. Genenc miormanon s locatedon
d}ﬂmu Chromosomes of dinoflagellates bave a pecubsr srrangement, andcan be-cbservedin bving cells(Fig

mamdeMMMNWMﬁmm -
chiorophylls a and c, with two unequal flagella. ﬁh::&mdnudummdlrwmhm A

Chytrids: a type of protist believed to be related fo fungt Witha flagellated stage which settles on othes organsms.
sending & branching systemof Thizoids' into the host cell. mdmﬂmmdnwmmwmdnmfhg&lhmﬂ
stage has a single long postenor flagellum. areziy

Cilium: a behawoural type of eukaryotic flagellum. distinctive because it socurs in large numbers, has a co-ordinated
behawnour, and usually directs fluids parallel o the surface.

Cinguhum: a horzontal or spiral groove on the surface of dincflagellate cells, in which ies a flagellum

Circumfsrential relating to the crcumierence Ususily means passing round the o=l m a plane normal wo the
(longntudinal) axs of the cell (as of Cingulum).

mmmmﬁmmmmmwmmwmmnm
TS A% A SINCGle antity

Coecoid: rounded inshape, ball-like. ,
E}Hﬂ:aﬂmmmﬂnﬂam e mmdmm&de&IWIﬁ; "

-

Collar flagellate: a type of flageilate (Fig 29), e g Monosiga.

Callecting canal: pan of the contractile vacuole compilex of cenamn ciliales. mmmﬂmmmm
from the cyioplasm to the contractlevacuobke (Fig. 345).

Colonial: a type of crganizaton in whach many cells are bound tooether by secretions or cyioplasmcextensions The
cells are usually ssmalar. and so compete with each other for resources, but some degres of differeatiation (cellular |
?mmmﬂn.mdwmmmmmﬂmgm

Colour: colour in protists can be a useful diagnostic festure. [t may be caused by photosynthetic pigmentsin®
chioroplasts(e.g. Fig 121) by other pigments in the cytoplasm (Fig. 328). by metal saits which acoumulate in seeretions
(e.g. Trachelomonas, Fig. 11T} or may be artificially created by chromatic aberranion. Many colouz-blindpeople will-
not be able to distinguish between different pigment combinatons i chioroplasts

Calpodid: a type of ciliated protosoan (Fig. 328), e g Colpoda.
MMamdmmamwnﬂmummnﬁ -

Condenser: part of a compound mucroscope situsted betweaen the hght source and the specimen. Lhuduhu-hutt
oo the Specimen.

Conjugation: a type of sexual event dunng which rmnelhiua(f’tq. 344) llwurmnumdbm
Contract: a land of cellular monlity in which the whole or part of a cell shortens at a visible rate Inone of more:
directhons.

Contractile vacucle: pariof the contractile vacucle complex often the only part that is vimble with the bght microscope.
Collects fluid and periodically allows the fluid to be discharged through the cell surface (Fig. 283).

Contractile vacuole complex: an crganelle involved in osmoregulation in protist cells Comprises a contiactile vacucie:
mummmmmmmmmlmmam collecting canals,

m refers to szmilanty m form (or other festures of organisma) that has been achieved

independently
usually as a means of adapting the orgamsm 1o a particular ife style e g mummﬂwwu :m:m
centrochehds (Fig. 411} -

Crawling a type of movement in which the organism moves across the substrate while maintaining continuous contact
with it May involve no visibla organelles (ghding). or cilia or flagella

MMEWMW
&mawdmﬂrmdmm including copepods and ostracods.

WImdM{Fﬂ. WMMWMMMMMWMW
extrusible eectisomes associated with the depression. Also referred to as crypios and cryptophytes

Cyanobacteria- hlue-gresn algas



Cyrtophorine: a type of kinetolragminophoran ciliate with a nasse associated with the mouth (Fig. 298). ea
Chilodonella.

Cyst: a differentiated state m wiach the body is enclosed within a continuous extracellular lonica, and exhibits very litile
activity (Figs 152&389). Exploited only by some species Often used to mcrease chances of survival in unfavourable

Cytoplasm: the matter that makes up cells, within which organelles ocour,

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 o give shape o a cell, or to create tracts along which cellular organelles
may be moved. Mostly comprised of micrmtubules 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 imagqing in microscopy, in which the object appears bnght against a dark background (Fig. 353).
Daughter colonies/daughter cells: the products of the cell chvision of protsis

Desiccation: drying out. Dehydration

Dichotomous: a pattern of branching in colonial orgamsms in which one element (stalk) gives rise 1o two equal and
divergent branches. Also used in reference ioidenification keys in which the identity of an organism is established by
presenting queshons for which there are only two accepiable 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 untout new resources (theronts). Eachofthese statess
achieved through differentiation.

Dnifusion feeding. leeding sizategy in wiich the predaior relies on the movemenis of the prey lo make contacl, asin
hehiozoa and suctoria.

Distal: away from (cf Proximal).

Davision: the most common mechanism of reproduction of protists, im whach a cell rephcates itself by dividing into two.
The plane of division of cibates is usually across the cell body (transverse, Fig. 341}, flagellates usually divide

Desmid: a type of green algs (Figs9& 10)

Desmothoracid: a sessile protist in which a heliozoan-like organism is located within a lonca (e.g. Clathruling, Fig. 413}
Detritovore: sats detniius.

Detrims- fragments of dead plant and ammal material before, during and after breakdown by agents of decay. May
incarporate morganc matter (such as mud).

Diagmostic: used in relation toa particular charactenstic (feature) of an crganism, which is quite distinctive and
therefore can be used to identify that organism.

Diatomn a Jand of probst with chioroplasts and a siliceous lorica‘wall (Fig. 6). Of two kands: centnicand pennate:
Common and widespread. ~

Differential interference contrast: a type of imssmng used m hght microscopy, n which the boundarnes of refractve
index difference are revealed as a iighi-dark boundary (Fig. 352). Ideal for the study of protists, as a very thin ophical
slices taken through the specimen s0 that crganelles are shown clearly (also called Nomarskd),

Diplomonad: a type of flageliate (Fig. 104) with two nucled and two sets of four flagella, e g. Trepomonas and Hexamita.
Dispersed: said of bactena that fioat freely or swim in a flind environment (in contrast to Attached or Adhering).

Dissecting microscope: a microscope with relatively low magnifying powers, but witha very wide field ol viewanda
long working distance between the object and the objective lenses. Suitable for low-power scanning of ssmples Also
referred to as a bmocular mucroscope.

Dorsal refers to the back of the cell, Le. the face of the cell away from the ventral (cf ventral). The concept doesnot
alwaysapply.
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Ectosymbiotic: an organsm living on the surface of another organism.
Ejectisome: a type of explosive extrusome found in cryplomonacds

Emergent: referTing io emerging of coming out, e.g. euglemds may have two flagells, but only cne may project from the
frontof the cell, L.e. the emergent flagellum.

Encyst: to change from a trophic of other state to a cyst (o Differentiation)

Envelope: used o refer to enclosures, such as a mucilagunous sheath enclosing a cell body. Also said of the space used
by the fagellum when beating normally. In profile, the beat envelope may have a peculiar shape which may assist in
the identification of an orgamsm

Equal: said of flagella when they are similar in length and in behaviour (cf Unequal).
wmnmﬂummﬂmﬂtﬂndmaﬂ m a plane at nght angles to the longitudinal axis of

mmwamdmwwmmmmummhumﬁ
sudden bulges rather than by a gradual and continuous fiow

Euglenid: a type of lagellate (Step 32), m:ﬂr-nhmnhhrhm and/or with a hehically sculpted body. Some have
chioroplasts. Typically with rather thick flagella e g. Fuglens and Peranema. Also refarred to as Euglenophyceae.

Englenoid motion: a kand of squirming moton typical of some euglensds Alse called metaboly.
Eukaryotic: refers to cells with nucle: and other membrancus organelles, the plants. amimals, fung: and protisis
Eumycetogoa: 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. orin
reference 1o fhnd (cf Secrete and Extrude).

Excyst to change from an encysted state 1o another viable state (of. Differentiation)

Exoskeleton: a supportive structure lying outside the cell or body.

Extracellular: outside the ceil

Extrude: to push out.

Extrusome: a land of crganelle, the contents of which can be extruded, .. o catch or kill prey, or for protecton
Extrusopodia: pseudopodia that bear extrusomes (Fig 404)

Eyepiece: the lens(es) of a mucroscope that cast(s) an nmg&nnﬂ‘mmﬁh:mhradmum

Eyespot: a structure found in some flagellated algal cells Usually a red or crange collection of oil droplets. Bebeved to
be able to detect light and 1o influence the movement of the cell Also referred 10 aga sigma

Facultative: optional, saxd of a state winch an organism may or may not adopt, depending on circumstances (cf
Obligate )

Field of view: the area that may be seen when looking down the eyepieces of a micrescope. The wadth of the area
depends on the desagn of the muictoscope and the chowe of obsactive However, nﬁdmm&samhum
objective on one MICToscope and socan be used 1o make rough estmates of owil sze.

Filament: a thin strand. May refer to the appearance of an orgamsm, a strand of cytoplasm, or to the thin metal wire ina
bulb, which is heated o emit lght

Filose: refers 1o a type of thin, thiead-hike pseudopodium without an ntemal skeleton (Fig. 151).

Filter feeding: a type of feeding in which suspended particles are consumed. Requires a propelier (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 vacucle

Fix: to attach (e g. to the substrate), or 1o kall and presernve.

Plagellum: a filamentous structure used for mohon Flagella of prokaryotes are biochermically, structurally and
functionally very different from flagella of eukaryotes. The eukaryouc flagellum has a skeletal component compnised of
microtubules. and 18 Bexed by an interaction of the proteimn dynesn with the microtubules. The microtubules form a
cylindncal structure, the axoneme, msde the flagellum. Cilia are a modified kind of eukaryouc flagellum. Prokaryotes
have a stiff flagellum that is rotated o propel the cell.

Flagellar membrane: the membrane enclosing the axonemal part of a enkaryotic flagellum.
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Flagellar pocket a depreszion in the cell surface of euglemds and crypiomonads, at the base of which are inserted the
flagella. May be referred to as a reservour

Flagellate: 2 land of protist that bears flagella Refers 1o a very diverse group with unclear boundanes Distinguished
from ciliates because the flagella are few n 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 mgests food through a muscular
channed, the pharynx Soft bodied.

Flotation: pertaining to floating  Protists may be modified to Bvour flcating rather than snlang. Typecal adaptatons o
flotanon include long arms or spines.

Focal plane: a plane in which the image produced by a mictoscope 5 focus. Used, &g, in reference 1o the locanon of
the shufter of a camara.

Food webx 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: referning to organisms that bve in men habitats (water bodies. sous, sands. etc ), move, and gain their food
without relying on the itervention of other species (as opposed to parasine or symbiotic). The category does not have

Free-swunming: refers o an crgamnsm that s able 1o move fresly throogh the fhud phase of medum. Compare with
crawhng or glichng, where the organism requires contact with the substrate.

Front: the anterior. That part of the cell projecting forwards when the cell 1s moving.
Frusrale: the siliceous lonca of a diatom.

Gastrotrich: a type of metazoan Resembiles some ciliates (Fig. 16)
Gelatinous: with a jelly-like conmistency.

Genux: a taxonomic rank above the level of species (a genus contains one or more species). Crganisms carry two
names (e g. Pompholyxophrys puncea or Paramecum aureha), usually wnitten in tabes. The first name isthe genus
name, and the second 1s that of the species. The genus name may be abbreviated 10 a single letter where the meaning
1s unambiguous (F. aurelia or H sapiens). Stnctly, all genera have different names, but occasionally the same name 1s
osed twice (e.q for a plant and for an anmmal)

Gliding: a type of movemsent in which the organssm remains in contact with the substrate. The movement is gracual and
the contribation made by individual organelles of locomotion is not evident (cf Crawling)

Golde: a colour usually used 1o descnibe chloroplasts that contain chiorophylls a and ¢ (as in chrysomonads) Other
colours are green, off -green o blue-green.

Granules: sobd inclusions m celis, or lems adhenng o the suriace of cells. Ususily refractie, in that they may ook
bright when wewed with the micToscope.

Granuloreticulose: refers 1o a type of pseudopodium usually found in the marine foramintfera. The pseudopocdsa have a
granular texture and form a network (see Leberikuehma, Fig 170), e g granuloreticulose amoebas.

Grathcule: a glass disc with a scale, gnd or other pattern eiched into the surface. Placed in the eyepieceofa
microscops, it is calibrated against a scale on a shide and used (mostly) to measurse the sizes of mictoscopic objacts

Greatc a colour used 10 describe chioroplasts, indicating that chlorophyll b is present mmmﬁ]h
are Jess bnght in colour, and may be off -green, golden, or biue-green Chioroplasts that contain chiorophyll b are found
in euglenids, green algae (including volvocids) and some symbiobc algae of mbates and amoebhae.

Green algas: the Chictophycese — algae with green chioropiasts and an external cedl wall made of cellulose This
group mcludes desmids, volvocids and filamentous green algae, and gave nise to the land plants.

Gromiida: a type of amoebas with filose pseudopodia and a lorica.
Groove: a long. shallow depression on a surface.

Gullet: a term that s someimes used 1o refer o a depraession on a cell surface, particularly one into which flagella are
msered (see Flagellar pocket). Not a desirable term as it musieadingly suggests a role in food uptake.

Haptorid: a type of ciliate that preys on other protozoa. usually other cihates, capturing and/or lalling them with
explosive extrusomes (e a. Didimum. Fig. 263)

Hadical of or ke a helix Like a spiral byt extenchng i the third dimension.

Helioflagellates: flagellates with suff, radiating arms around the flagelium. Of two categones pedinellid (e.g
Actinomonas Fig 27) and dimorphud.
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Heliozoon: a type of protist with stiff. radiating arms (e g Acanthocystis and Actinophirys, Figs 412 & 387). The heliozoan
body form has evolved on several occasions.

Haterocyst: a differenhated . thuck-walled cell, found in the filaments of some blue-gresn alose.
Heterotrich: a type of polyhymenophoran ciliate (Step | 16) that moves by means of indiidual ciba artanged in kaneties.

Heterotrophic: refers to a mode of nutnition in which the consumer rehes upon molecules created by other organsms
for energy and nutnients. Of two categories osmotrophic (absorbing soluble organic matter) and phagotrophic
(ingesting particles of food).

Hymenostome: a type of ohgohymenophoran ciliate with buceal 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 cyriophorine ciliates that use a
basket of nematodesmata to aid the ingestion of food (e.g. Pseudomicrothorax and Tnthigmostoma, Figs 292 & 289).

Hypotrich: a type of polyhymenophoran cibiate (Step 136) that moves using cirm.

Idiosome: a structure produced by the organism, as opposed 10 a xenosome or foreign body. Used to refer 10 the
elements that compnse (or adhere 10) the tests of some amoebae

Immersion oil: a special kand of oil used in microscopy, a drop of which 1s used between the covership and front face of
some obyeclives.

mm[m%ﬁmmumumdhmh:mudlsﬂmmﬁmdmmm.

Inclusions: structures located within cells, such as food vacuoles, granules, etc.

Ingesta: items that have been ingested by a protst, usually while they retain their integrity so that they may be
idenntfied,

Ingestion apparatus: the equipment used by cells 1o aid in the ingestion of food. Normally used in relation to rods of
microtubules lying near the cytostome (mouth), but may also include extrusomes and the cytopharyn

Ingestion organelle: ingestion apparatus

Ingestion rods: mdrndual components of the ingeshon apparats. as in cyriophonne (hypostome) chates (Fig: 298) and
some euglenid flagellates (Peranema, Fig T1)

Inorganic: not organic (carbohydrate, protedn, etc.). Refers o, e.g. sand, mud, silica, etc.

Interference contrast: a type of imaging for hght mictoscopy, in which areas of differing optical properhes 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 ins in the lamp
housing and one i the condenser.

Jump: a type of movement exinbited by some cells, charactenzed by sudden (Instantansous) changes in posibon (eg.
Haltena, Fig. 305).

Karyorelict: a type of ciliate in whnch the macronucies are unable 1o divide (e.g. Loxodas, Fig. 280)

Kiclke 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. 689),

Kshler: a microscopist whose name is associated with a type of illumination that guarantees maximum brightness (but
low eantrast), it involves cantering all optical components on the optical axisol e nucroscope (the axisolihe
objective), and positioning the condenser to focus the light onto the specimen.

Lamp housing: part of a microscope containing the lamp. mmmrwmwmmmnm
previously a structure (and still s for some dissecting muctoscopes). Older microscopes used mirrors o
direct the light mio the microscope from independent lamps, candles, or the sun

Large: a description of size, the exact meaning of which depends on the range encountered in the group of organiams
under considerabon Bodonids are relatively small organisms; s a cell with one dimenson measunng 20 pm would
be thought large. In contrast, among the ciliates, a cell measuring 20 pm would be regarded as small and a clhate
would need to be well over 100 um before being thought of as large. Usually, protists with one dimension that is 50-100
um or more are referred o as large.

Lens tissue: a special kind of lissue recommended for cleaning glass surfaces in microscopes and other optical
instruments. Available from opticians and chemists, aswell as from laboralory suppliers. Each sheet should be used
onoce and then discarded.
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Lip: a shallow ledge or a long protrusion froma cell.
Lobose: a type of pseudopodium that is relauvely broad (Fig. 139).
Longitadinal: refors 1o the axis of the cell from the front to the postenor of the cell

Lorica- an organic of inprganc casing of shell, incompletely surrounding an organism. Usually loose fitung. Someumes
called a test

Macrennciens cne of two types of nuclei found in ciliates Typicaily, the larger of the two. It may be rounded, either like
along ssage or likea stning of beads. [t is involved in the production of profeins, but not in sexual reproduchon
Essential for the day-to-day activines of the ciliate (cf Micrommclens),

Magnification: a measure of the enlargement of an image relative to an object. Normally, it 1s simpler and more
informative 1o refer o the real size of the chyect.

Marginal row: relating to the curmi of hypotrichs (Figs 254 & 260), referning fo 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 systemof rotifers (Fig. 15). A grinding structure lying just behind the mouth.

Mastigamoebae: a kind of flagellate with a single flagelium and a cell body that produces pseudopodia. Usually from
anoXic sites (e g. Mastigamoeha, Fig. BS),

Matrix- relating to the stucthure or consistency of material

Measuring eyepiece: a type of microscope eyepiece that includes an etched scale. After calibration againsta
mucrometer shide, the eyepiece may be used 1o measure the size of microscopic objects.

Median: near the centre (asof cell e.g median nucleas).

Medinm: the hud environmeni in which protists live, or the solution of salis and other matenals in which they are
culiured. Alsoused o describe a relative size of organism. dependent upan the group under consideraton,
Medium-sized flagellates are 1030 pm, and medium-sized amoebae and cihates are 40-100 um.

Medusoid: umbrells-shaped - like a jelly-fish,

Meiosis: 5 form of noclear division usually assocated with sexual activity,

Membranelle: a compound structure comprsed 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 1o change in molecules (metabolism}, or to change in cell shape, asin
euglenoid mohon

Hﬁhmlubl&mmh.lbl&dﬂﬁmﬂlmmpmnﬂsﬂm Incorporate one or more metal ions, such aswron,
mmlchmmmdm

Metazoa: animals (of Protozoa).

Microaerophilic: prefernng low levels of dissoived oxygen.

Micrometer slide: a glass slide with a scale (usually | mm)etched on its surface. Used 1o calibrate the field of iew or the
scale in a measuring eyepiece, such that the size of objects viewed with a micrescope can be measured.

Micrometre: a unit of length equivalent to one millionth of a metre. Abbreviated to ume
Micron: 8 micromere, -
Micronucleus: one of two kinds of nuclei found in ciliates, dividing to produce two similar miclel during asexual

reproduction, and producing nuclei with half the complement of DNA for sexual activity. Usually the smaller of the two

typesof nuclei, but many may be present. Some cellslack a micronucleus, surviving quite well without st {cf
Macronucheus}.

Microscope: iIn 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. In a broader context, the above are

lands of hght microscope. However, microscopes producing images from sound, beams of electrons, etc arealso
e j

Microtubale: 3 subcellular structure compnsed of the protein ubulin. Used for suppord, it = pari of the cytoskeleton.
Individual microtubules cannot be seen by conventional ight microscopy, but aggregates of microtubules can.

Mixotrophic: used in reference to organisms that use a mixture of nutnbonal strategies, e g organisms that have
chioroplasts and carmy out photosynthesis, but whichare also able to feed by phagocyiosis

Mobiline- a type of peritrich ciliate without a stalk antaching it to the substrate {Fig. 373).



Marphology: the shape and form of an orgamsm or part of an organism.

Motile: moving, e.g by swimming. ghding, crawling, jumpingor kiclang. Part of the body (e.g. cilia) may be motile ina
cell which 1s not motile and wiuch 1s fixed inone posstion.

Mouth: part of the body involved m the acqumton and mternalzation of lood. The mouth usually includes a cytostome.
but may aiso involve elements external (e.g buccal cilia) or internal (e.g. ingestion rods, extrusomes. cytopharynx) to

Mucilaginous: made of, or with the texture of mucus

Muocus: a jelly- ike substance produced by orgamsms. Texture may vary from beimng virtually fiwd 1o stuff and
rubber-hke.

Mycelia: the organzaton of the feeding stage of fungi, in which the cytoplasm is enclosed within a raciating system of
walled tubes or hyphae,

Naked: used in relaton to celis that have nocell wall, lonica, or other coating.

Nasse: cylindrical ingestion apparatus of some ciliates. The wall 18 made up of rods of mucrotubules. Also referred o as
abasket

Neck: a narrow, anterior part of the body, often with an ingestion apparatus at the antenor end. Also used to refertoa
narrow region of a lonca or test, leading to the opening(s).

Nematodesmaila: stiff aggregates of many mucrotubules, found around the cytostome of some ciliates (e g. Fig. 298) and
used durnng the ngestion of iood. A type of Ingestion rod.

Nematode: a type of metazoon. Typecally smooth-bodsed (Fig. 18).
Heuston: the enviromnmen of the interiace between water and air. s often neh m bactens and protists.
Neustonic: associated with the neuston.

m-mmmwmwmﬂummdmmmw
interference contrast )

Nomenclature: the terminology of a science. A system of names for objects. In biology, nomenclature usually refersio
the rules governing the names of animals and plants, embodsed in the Internatonal demm
Nomenclatre.

Non-motile: not moving. May be said of a whole cell which may yet have motile parts, or of organelles.
mﬁm dense region (or regions) in a nucleus, associated with RNA synthesis. Notalways visible

Nucleus: an organelle found only in eukaryotic cells, in which most of the cellular DNA (genetic material) s located.
Most cells have a single nucleus but certain species may have many.

Nudipodia- a type of unsupported pseudopodium without evident extrasomes (cf Extrusopodia).

Nutrient that which provides nutriion. The nutnents of heterottophic organisms are prunanly iogencally denved
mm“mammmmmmmﬁmmm

m:mm.:hm Mos! macToscopas carmy a selection of obectives Theobjective s
located near the object being iewed.

Obligate: saud of a state which an orgamsm must adopt (cf Facultative)

Ocular: refers 10 the lens of a mucroscope, into which one locks when rying 1o iew the image of an object Also called
an eyepiece.

Odontostome: a type of polyhymenophoran (spirotnch) ciliate that is distinguished by a flattened. sculpted body and
few somatic cilia (e.g. Epalxeila, Fig 313). _

Off-green: a colour used to describe some chioroplasts that lack chlorophyll b, but which usually have an olive or
brownish hue.

Oligohymenophora: a type of cihate with buccal cibature compnsed of an undulating membrane and three
membranelles, e.g. peritnchs (Step 118), Colpidium (Figs 337-339), etc

Ofigotrich: a kind of polyhymenophoran ciliate (Step 178) in wiich the adoral zone of membranelies s used not only in
the acquisition of food but also 1o proped the cell (e.g Haltena, and tuninmds, Figs 305 & 370)

Oomycete: a type of fungus. The mature orgamsm takes the form of walled myoceha, but produces flagellated stages in .

the life cycle. Related to the chrysomonads.
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Opisthe: postenor daughter cell produced by transverse division of a chate.
Organelle: a discrete structure found within eukaryoticcells.
Organic: chermical compounds that have been produced by orgamsms. Said mosily of sugars and polysacchandes,

proteins, etc., it essentially refers to the hydrocarbons. Does not mclude the mert chemmcal compounds, such assibca,
produced by some organiums.

Osmotrophic: refers to a form of nutntion in which soluble compounds are taken up by the crgansm, either by
pinocytoss or by mechamnsms capable of ransporing one of 4 few molecules at a time {membrane pumps).

Overicaded: used in reference 1o sewage works that have more mcoming sewaoe than the plant is designed for (cf
Underloaded) Overloaded systems are equivalent 1o polluted natural environments, and usually have a poor quakity

Oxiclize- To add oxygen.
WMWNWHMMWMHMMﬂMm.

Particles: small tems (e g bactena, protists. or inert matenal such as clay) May be in suspension in fluid, be associated
with detritus, or be used in the manufacture of loncaeftests. Referred to as ‘parnculates’ by some people.

Pellicle: the ower reqon of cytoplasm of some protozna. The term 15 appled only when the reqion can be distingueshed
because it appesrs o be relatively sulf and hughly structured. The term ‘cortex’ may also be wsed. Used mostly in
reference 1o euglenids and ciliates

Mamammmwuuwmmmwdu
membranelles (e.g Paramecium, Fig. 345)

Pennate: refers to one of two types of diatom (Fig. 5). Without radial symmetry, and often abie to move by ghiding.
Periplast: the entire assembilage of scales. spines and specules that encases some heliozoa, chrysomonads, alc.

Peristalsis: regular contractions of a body or part of a body. Used mostly in the context of the intestinal system of
venebrates, but also refers to the squirming behaviour of sorme euglenids.

Peristome: the region of the body around. and external . the mouth. Stmctly. the regron must be modified 1o favour the
acquustton of food.

Peritrich: a type of chgohymenophoran ciliste (Step 19) m which one membranelle and the undulating membrane are
greatly lengthened, spiralling around the oral end of the body (e.g. Vorticells, Fig 233).

Petri dish: a low, flat, circular dish with vertcal sides. Made of glass or plastic, it is used extensively for the culture of
muCTo-organisms. and is similar in shape 1o many centnc diatoms

Phagocytose: io take food by phagocyioss, L e 10 ngest nsible partcies of food by enclosng them with a membrane 1o
form a food vacuole.
Phagotroph: an crgansm that feeds by phagocytosis

Pharynx a reguon of the ingeston apparats that bes internal 1o the mouth of a metazoan crganism. of intemal 1o the
cytostome of a protist. Involved i the swallowing process (see Cytopharynx).

Phase contrast: a method of contrast enhancement used widely in hght microscopy. It is particularhy useful in
gutmcbw. In thas process. areas with diffening refractive indices appear darker or hghter than the background (Fig
1)

Photomicrography: the process of taking photographs through a micToscope.
Photosynthates: the products of photosynthesis.

Photosynthesis: 3 means of acquinng energy for metabobsm, It mvoives trapping radiant energy in chioroplasts. the use
of that energy to break up water molecules (hydrolysis), and the conversion of released energy into anaccessible form,
such as the molecule ATP. The only form of autotrophy in eukaryotic cells. Some heterotrophic protists have symbiotic
algae thalallow them 10 expioit photosynthesis

Photosynthetic pigments: large molecules in chioroplasts They absorb radiant energy, hence they have colowr Mostly
chlorophylls and carotenes (and, cocasionally, phycobihins).

Phycobilin: a type of photesynthetsic pigment, mostly found in blue-green algae, red algae and some cryptomonads.
Pigments: Molecules that appear coloured.

Pinocystosis a process of ingesting matenal by enclosmg i with a membrane The resulting structure = usually too
small to be seen with the hght micrascope, and is mostly suitable for the ingeshon of fluid or mucus.



Pipetie: a glass or plastic ube designed 10 faciinate the process of dispensing bqud. May be graduated. so that
measured volumnes can be dispensed. Pasteur papettes have a narrow tp, but can be ‘pulled 10 a finer tip after heating.
nﬂmMmb&mﬂhhmﬂhngsmﬂmhmnlhqmdmmﬂn:&ulmh Dropping pipettes are avatlable from
chemists and pharmacists. and have a rounded tip for safety

Planar- in one plane, & g s3id of flageilar beating

Plankton: organisms living in the water column (above the sediment).

Planktonic: from the plankton If proosts, they may either be swimming or floatng

mmmmmmwmﬂwﬂnmmmmm
cellulosic walls. Aswith the term ‘animal’, ‘plant’ is sometimes inappropnately applied to umcellular organisms. To state
that aigae are unicellular plants 1 confusing. it would be more accurate to say that algae are urucellular orgamsms with
some specified charactenstics (e.g photosynthesis) that are also found in plants (or that piants are mulhcellular
organtsms with some specified characternshcs that are also found inakgae).

Plasmodium: a type of amoeboid organization involving a large mass of cytoplasm and. usually, many nucley A type of
body form adopted by some slime moulds.

Plastid: another word for ‘chioropiast. From it come the terms ‘aplastidic’ and ‘plastichic’, meaning with and without
chioroplasts respectively. See notes after Step 5.

Platyhelminth: s flatwornm
Podite: a narmow extension from the postenor end of some ciliates (&g Fig. 295), used for adhesion. Foot-like.

Polarizing microscopy: a type of microscopy that produces bright images of objects with a crystalline substructure. The
process relies on the use of polanzed hght, hénce the term.

m-mdmmm&m]mmmmmmMmm
membranelles Also called a sparotnich.

Polysaccharide: a fairly large molecule comprised of many sugar molecules (chemically) oined ogether.
Polysaccharides are relatively inert and may be used by cells 1o form external walls, etc Polysacchandes mchude
celiulose and starch -
Pomiform: shaped like an apple (as of some hehoflageliates) .

Posterior: that part of the body away from the direction of normal movement, or away from the mouth. The term Back’
mabhmﬂ.hﬂ'nnnnpmhhrrdmmw

Paraxial rod: a rod of matenal lying within the flagellum parallel to the axoneme: 1t 1s only found in some protists{e.g.
euglemds). and causes the flagellum to appear relatively thick (Fig T1)

Prokaryotic: refers 1o a type of orgamsm, the cells of whech are without nucle: or other membrane-bound crganelies,
L& bactena

Prostome: a tvpe of ciiate with the mouth located at the antenor end of the body. Usually ingests larger parhclesof food
(e.g. Coleps, Step 376).

Proter: antenor daughter cell produced by transverse division of a ciliate

Protostelid: a type of shme mould. Spores usually produced by a single cell rather than by a mass of cytoplasm, as s the
case for most shme moulds

Protozoa: those heterotrophic and (a few) autotrophic protists that have, by tradihon. been studhied hrpmlnmuhg-n
(see p. 9). Some people prefer the broader term ‘protst, but ‘prolozos’ 15 still widely usad to refer 10 Ragellates, ciistes.
amcelee and sporozoa without chioroplasts.

Proximal: near 1o (cf Distal)

Pseudopodium: a transient extension of the cell surface, used for locomotion or feeding. F'm.ldnpndnnn';ba
uwurndmﬂrtacnnmodl]mmtm they may be thread- like (filose) or broad (lobose), may or may not
bear extrusomes (extrusopodia and nmdipods respectrvely ), and there may be one (monopodchal) or many (polypodial)
produced at one tme.

Punctate: witha dimpled or spotted appearance.

Pusale: a system invodving a sac and channels, found in some dinoflageliates. The Rincthon = not understood tmin-r
BCt as an csmoregulatory organslle.

Pyrenoid: a protein body lying inside some types of chloroplasts.

Rapbe: a shit in the siiceous shell of most pennate diatoms Motile distoms always have a raphe: fappearstiobe”
involved i the secretion of mucus that pushes the cell arcund



Raptorial: refers to a type of feeding in which the consumer moves around in search of suitable nounishment (cf.
Diffusion and Suspension feeding).

Recurrent flagellum: a flagellum that curves postenorly 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 witha strong smell. Alsoapplied to some parts of cells 1o mdicate small size or
absence (reduced flagella are short),

Refractile: capable of refracting light, thereby acting hike an irregular lens. Refractile granules may appear bright
when viewed with a microscope, but they may also be a source of chromatic aberration, appeanng coloured when they
are not

Reservoir: a part of euglend cells. A depression from which the flagella anse and into which the contractile vacuole
empties iz contents. Also referred to as a flagellar pocket.

Rhizopoda: those amoebae that have pseudopodia with no stiffening axoneme (Step 72). Polyphyletic,
Ridge: Siightly raised, elongate region of a structure

Rotifer: a type of metazoon, also called a ‘wheel animal’ because of the two clusters of motile cilia around the mouth (Fig.
15).

Sapropelic: said of sttes (or of organisms inhabiting such sites) that are very rich in organic matter and that (usually) lack
oxygen. Usually refersto sediments.

Scale: ameasuring device (as ona micrometer shde), or aflat. plate-like structure produced by some protists.
Sculpting: used to refier to a body that hasa fixed, irregular shape, e.g. grooved, ridged or spiny.

Scuticociliate: a type of ohigohymenophoran ciliate (Step 168) Typically with a well-developed, undulating membrane
(e.g. Cyclidium, Fig. 332).

Secrete: to expel an artefact or matenal sbnicated ina cell to the exterior, e g. scales, spines, mucus. Compare with
Excrete, which refers to the extrusion of bodies origmnally produced elsewhere and temporanly ingested.

Sessile: refers o organisms that are fived to the substrate, by e g a stalk or lorica.

Sheath: a loose covenng (usually of mucus). A more ngid or substantial covenng would be referred to asa wall or lorica.
#® Silicecus: of, relating 1o, or incorporating silica

Sine wave: contiguous waves, e 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 charactenistic of some flagellates. The cell moves near the substrate, progressing quicikdy
for a short distance, slowing down as the flagellum touches the substrate, and then speeding up as the contact between
flagellum and substrate 1s lost May transform into swimming or ghding.

Stime mould- a type of amoeboid organiam that produces a walled stage (cyst or spores) at the end of an elevated stalk
The hife cycle may involve flagellated stages, or organisms resembling conventional amosbae.

Small: 3 relative size of organism; the absolute size depends on the group of organisms under consideration A
flagellate of S um or less is considered to be small, but ciliates up to 20 wm would also be described assmall

Solitary: orgamsms ococurring individually, not in colomes

Somatic: relating to the body surface, e.g somatic cilature (cf Buccal). Also used in the sense of non-reproductive
(struchires or activities),

Spasmonems: a contractile element in the stalk of some peninich ciliates (Fig. 222).

Species: a laxonomuc rank, representing a morphologcally distinct type of organism. One definition states that
individuals within a species can interbreed with each other but not with individuals from anothes species. This
definition does not apply to many protozoa, which are not known to interbreed. Each species has two names, usually
written in itabics (e.g. Elaster plaster), the first being the name of the genus, and the second being the npame of the
mnﬂhﬂﬂnm The genus name has a capstal inital letter, and the species name begins with a lower case

excreled and more delicate,
Spine: a pownted structure. Either part of a cell, or a structure secreted by a cell
Spine scales: plate-hiles, secreted structures with a spine-like protrusion. Usually sihceous,

MMMMHMMHMM and usually directed away from it. Like spines, bat




Spirotrick: a kand of cibate (Steps 136, 161 & 178). Also called Polyhymenophora.

Stalle- a thin structure ansing from the posterior part of a cell or lorica. Used for permanent or lemporary attachment 1o
the substraie, Either cytoplasmic or extrace!lular.

mﬂammmummﬂc&_dpﬂm accumulated as storage products

Statocyst: a sensory organelle used for cnentahon Typically includes a heavy weight wiach falls under the influence of
gravity, and the direction of fall is thus sensed. Found only in one group of protists, the karyorelict ciliates,

Bogma: (plural = sogmata) organelle used m pholorecephion by some photosynthenc lagellates. Also called an
Eeyespol

Swomatocyst: a type of cyst with a siliceous wall and a single plugged opening, formed by some chrysomonads (Fig. 24).
Sabapical lying shghtly away from the apex.

Subbing: a part of a cultunng routine for organisms, i winch a portion of an established culture 18 mocolated nio a fresh
medium.

Substrate: either the solid physical structure over which a flusd medium hes, or the matenal used as a basis for
metabolism

Sectoria: a type of cibate (Step 195), with cilia only being formed in the swarmer stage I feeds by means of projyecting
arms(e.g. Podophrya, Fig. 422).

Sulcus: a cocumferennal groove of some dinoflagellates. The groove camesa flagefium.

Sulphides: salts of sulphur in the reduced state, e g hydrogen sulphide or metal sulphides. Charactensnic of reduced
environments where there 1s no free oxygen. Sulphides cause muds to become black, m:allywnhamuﬂutmny
non-protistologists regard as being 'bad’.

Sulphur bacteria- prokaryotes that gain energy by mediating the cxndaton or reduction of sulphur compounds. Some
arecapable of a kand of pholosynthess, and are greenor pink (pirple) sulphur bactens, others deposit elemental
sulphur in their bodies. Sulphur bactena may be abundant in some sites. being visible 1o the naked eye as a purple
sheen on the sillbstrate.

Suspended: said of unattached particles that float or swim in water.

Suspension leeding: feeding on suspended parucles. The most usual strategy s filter-feeding. but not all suspension
feeders employ this method.

Swrarmer: a stage in the life cycle of some protists. [is function s distributive, i e it moves away from the location of the
parent cell potentially 1o colonize other sites. Occurs mostly as the monle stage of sesmle organisms, such as pentnich
cibates (Fig 236) or suctonan cibates (Fig. 424).

Mabmu[mmwhmhﬂmm propels itself through fhad, withowt requiring contact with a sobid

mhmqmmmammmhhmmmm:bhmd
one - the other being unaffected. Where there is a notable discrepancy in size, the lerm symbiont’ isused to refer to
the smaller member in the relationship, which may occur inside (endosymbiont) or on the outsade surface
(ectosymbiont) of the larger host member

Synuracea: those chrysomaonads (Step 123) with a penplast of sshceous scales, spicules. etc (e g Mallomonas, Pyg. 128).
Systematics: an area of biclogy deqling with the classification, naming (nomenclature) and evolution of arganisms.
Tardigrade: a type of very small metazoa that has an exoskeleton and esght stubby legs ending in claws.

Taxonomy: an area of mology dealing with the naming and classsfying of orgamsms (roughly equivalent 1o systematcs).
Test a ngid shell around an organism, lkess close-fitting than a wall Also called a lonica.

Testate: bearing a test.

Theca: a layer enclomng a body. May reder 1o a closely adpressed ngnd wall. or 16 a more loosely attached noad lonca
of 1St of even 1o a soft enciosing sheath of malensl

Theront: a stage in the life cycle of some species of ciliates, in which the organism typically does not feed but moves
cquickly. May be thought of as an adaptation in response to a lack of food, the task of which is to hunt out new sourcesof -
food

Trichocyst: a type of extrusome wiach, when extruded, takes the form of a fine, stiff ilament. Typicalof Paramecum, -
but used inacdvenently o refer to other types of extrusomesa.



Trophic: said of orgamsms that are active and feeding. mmmmmmh:dm May
also be used to refer 1o those aspects of metabolism assocated with growth

Trophont: the feeding stage of an organism. memmmm—mdhhﬁm
Altermahve stages are theronts (fare), swarmersand cysis.

Unequal: saud of fiagella of diffening length on one orgamam. Also saud of flagella which beat differently.

mmﬁmnwmmumummmmmmuw
for (cf Overloaded).

Undulipodia- a term preferred by some biologists, especially in the US for eukaryotic cibia and flagella.

Undulating membrane: a part of the buccal ciliature of oligohymencphoran (and some polyhymenophoran) ciliates A
hine of cilia to the left of the mouth, used to miercept partcles being carmed in currents of water, The particles are
seqgregated, and passed to the cytostome for inclusion i food vacuoles. Some structures of parasitic flagellates are also
referrad o as undulating membranes.

Vacuole: a cavity m a cell enclosed by a membrane, e g food vacucles (associated with the digestion of food) and
contractie vacuolos (associated with the excrenon of fhnd). Small vacunles may be called vesicles

Ventral: relating to one side of the body. If the cell 1s flattened and has most of its locomotor crganelles on a surface that
isdirected towards the substrate when moving. then that 1s the ventral surface. If the cell 18 rounded. but the mouth lies
away from the apex, then the surface with the mouth is usually referred to as being ventral.

Viable: able to ive.

Volvocales: those green algae (plastids wath chiorophyil b and a cell wall incorporating cellulose) that normally have
flagella and swim around

Wall: a nognd layer that completely encloses a cell, and presses against the cell membrane.

mnhpdmmwmmmmmmmﬂm;mmm
Of CUTL

Watch glass: a smail, concave dish which may be used to contain fhuds, cultures, etc., for observation under a binocular

micresoope. Sohd watch glasses are gquat parallelepipeds with a concave curving of one surface. they are more stable
{and therefore more sansfactory) than watch glasses that are simply a thin. curved sheet of glass

Water columy: the part of a lake or pond lying between the benthos and the water-air interface.

Whiplash: = type of flagellar moton found only in some euglemds, in which a nght loop progresses from the base of the
flagelum to the tp

Xenosome: 3 foreign body. Used 1o refer both to its of debns (which may be incorporated inio the shellsof some
testate amoebae), and also to symbiotic algae lying inside other cells. Probably best restricted fo the first usage.

Zoochlorella: endosymimontc green algae.
Zooglosa: a slime produced by bactena
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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, nivers,
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 illustrared key with supporting text and references
Protozoan communities — covering a range of man-made and narural environments
Glossary of terms

Extensive bibliography and reference lists
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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 amareurs; but it should also
prove a valuable guide to professional biclogists involved with water, sewage works,
rivers, soils, environmental management, food science, and public health; it would, in
addition, serve as a dandy teaching aid for classroom use, as well as for self-study.’ —a
— The Micrascope
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