
lthough the term “protozoa” has been around for nearly 200 years, and
was used in the context of a phylum for about 100 years, it is now ap-
parent that it defines no more than a loose assemblage, or grade, of

primarily single-celled, heterotrophic, eukaryotic organisms—it does not define a
monophyletic assemblage meriting single-phylum status. The kingdom Protista
(or “Protoctista”) includes those organisms traditionally called protozoa, as well
as some autotrophic groups. But the kingdom Protista itself is not united by any
unique distinguishing features or synapomorphies, and the boundary between
autotrophy and heterotrophy is blurred in these organisms. Protists are definable
only as a confederation of eukaryotes lacking the tissue level of organization seen in plants,
animals, and fungi. Invertebrate biology texts have traditionally treated the “pro-
tozoa,” and for many biology students this coverage will be their only detailed
exposure to this important group of organisms. In this chapter we include those
groups traditionally lumped under the name “protozoa” (i.e., the heterotrophic
protists), and for completeness, we also briefly cover the commonly recognized
autotrophic protist phyla (Box 5A).

The bauplans of protists demonstrate a remarkable diversity of nonmetazoan
form, function, and survival strategies. Most, but not all, are unicellular. They
carry out all of life’s functions using only the organelles found in the “typical” eu-
karyotic cells of animals. Many of the fundamentally unicellular protist phyla
also contain species that form colonies. Others are multicellular, though lacking
the cell-tissue specialization seen in the Metazoa or Plantae. No protists undergo
the embryonic tissue layering process that occurs in metazoans and plants.
Protists include an awesome array of shapes and functional types, and there are
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My excrement being so thin, I was at
divers times persuaded to examine it;
and each time I kept in mind what food I
had eaten, and what drink I had drunk,
and what I found afterwards. I have
sometimes seen animalcules a-moving
prettily…
A. van Leeuwenhoek,
November 4, 1681
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Figure 5.1 Protist Diversity. (A) Phylum Dinoflagellata, Peridinium. (B)
Phylum Chlorophyta, the colonial Volvox. (C) Phylum Rhizopoda, Amoeba.
(D) Phylum Opalinida. (E) Phylum Ciliophora, Stentor, a heterotrichous cili-
ate. (F) Phylum Euglenida, Euglena. (G) Phylum Kinetoplastida,
Trypanosoma in blood smear. (H) Phylum Dinoflagellata, Ceratium. (I)
Phylum Stramenopiles, Dinobrion, a colonial golden alga. (J) Phylum
Granuloreticulosa, Globigerinella, a foram (note the calcareous spines that
radiate out from the body). 
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many tens of thousands of species yet to be discovered.
Figure 5.1 illustrates some of this variety. Most unicellu-
lar protists are microscopic, ranging in size from about 2
to 200µm. A few, such as the foraminiferans, are much
larger and are commonly visible to the naked eye; many
protists are actually larger than the smallest of the
Metazoa (e.g., some gastrotrichs, kinorhynchs, nema-
todes, loriciferans, and others). Protists include marine,
freshwater, terrestrial, and symbiotic species, the last
category including many serious pathogens. Humans
are hosts to over 30 species of protistan symbionts, many
of which are pathogenic.

Taxonomic History and
Classification
Antony van Leeuwenhoek is generally credited with
being the first person to report seeing protists, in about
1675. In fact, Leeuwenhoek was the first to describe a
number of microscopic aquatic life forms (e.g., rotifers),
referring to them as animalcules (little animals). For
nearly 200 years, protists were classified along with a
great variety of other microscopic life forms under vari-
ous names (e.g., Infusoria). The name protozoon (Greek,
proto, “first”; zoon, “animal”) was coined by Goldfuss in
1818 as a subgrouping of a huge assemblage of animals
known at that time as the Zoophyta (protists, sponges,
cnidarians, rotifers, and others). Following the discov-
ery of cells in 1839, the distinctive nature of protists be-
came apparent. On the basis of this distinction, von
Siebold, in 1845, restricted the name Protozoa to apply
to all unicellular forms of animal life. It was the great
naturalist Ernst Haeckel who united the algae and pro-
tozoa into a single group, the Protista, which is today
usually regarded as one of the kingdoms of life.

Throughout most of the twentieth century, a relative-
ly standard classification scheme developed for the het-
erotrophic protists, or “protozoa” (viz. see the first edi-
tion of this text). This scheme was based on the idea that
the different groups could be classified primarily by their
modes of nutrition and locomotion. Thus, they were di-
vided into the Mastigophora (locomotion with flagella),
Ciliophora (locomotion with cilia), Sarcodina (locomo-
tion with pseudopodia), and Sporozoa (parasites with
no obvious locomotory structures). Flagellated protists
were further divided into the zooflagellates (hetero-
trophs) and phytoflagellates (photosynthetic auto-
trophs). While these divisions might accurately describe
protists’ roles in ecosystems, they do not accurately re-
flect evolutionary relatedness. Pseudopodia and flagella
are present in many different kinds of cells (including
plant and animal cells) and their presence does not indi-
cate unique relatedness (i.e., they are shared primitive
features, or symplesiomorphies). Photosynthetic protists
contain many different types of chlorophylls and have
differently constructed chloroplasts, indicating that they
are not closely related. (For discussions of changes in

protist classification see recent papers by Patterson,
Lipscomb, and Corliss.) Although there continues to be
much debate over how these enigmatic organisms are
related to each other, most experts agree that there are
several well-defined groups of protists (herein treated as
phyla), which are summarized below. Readers are cau-
tioned, however, that the field of protist systematics is
dynamic, and major changes can be expected for some
time to come. One of the most exciting recent discover-
ies, for example, is that the former protist phylum
Myxozoa actually comprises a group of highly modified
cnidarians, parasitic in certain invertebrates and verte-
brates (see Chapter 8). This revelation was made possi-
ble by the discovery of certain metazoan and cnidarian
features (e.g., collagen, nematocysts) in these animals, as
well as ribosomal DNA data. Some of the most enigmat-
ic groups of protists are those phyla containing photo-
synthetic species, such as the Euglenida, Dinoflagellata,
Stramenopiles, and Chlorophyta, all of which have been
claimed by botanists, in one form or another, in the past.

Readers will notice an absence of classification above
and below the level of phylum for the protists. Ideas
about protist phylogeny and classification are in such a
state of flux that any scheme used at the time of this
writing would be out-of-date by the time this text
reached the bookshelves. Thus, we chose to restrict our
treatment to the phylum level for this edition of
Invertebrates.

CLASSIFICATION OF THE PROTISTA
PHYLUM EUGLENIDA (1,000 species):  The euglenids and
their kin; previously classified in the old phylum “Sarco-
mastigophora” (e.g., Ascoglena, Colacium, Entosiphon, Eugle-
na, Leocinclis, Menodium, Peranema, Phacus, Rhobdomonas,
Stromonas, Trachelomonas).

PHYLUM KINETOPLASTIDA (600 species): The trypanosomes
and their kin; previously classified in the old phylum “Sarco-
mastigophora” (e.g,. Bodo, Cryptobia, Dimastigella, Leishma-
nia, Leptomonas, Procryptobia, Rhynchomonas, Trypanosoma).

PHYLUM CILIOPHORA (8,000 species): The ciliates (e.g., Bal-
antidium, Colpidium, Didinium, Euplotes, Laboea, Paramecium,
Stentor, Tetrahymena, Vorticella).

PHYLUM APICOMPLEXA (5,000 species): Gregarines, coc-
cidians, heamosporidians, and piroplasms (e.g., Cryptosporidia,
Diaplauxis, Didymophyes, Eimeria, Gregarina, Haemoproteus,
Lecudina, Leucocytozoon, Plasmodium, Strombidium, Stylo-
cephalus, Toxoplasma).

PHYLUM DINOFLAGELLATA (4,000 species): Dinoflagellates;
previously classified in the old phylum “Sarcomastigophora”
(e.g., Amphidinium, Ceratium, Kofoidinium, Gonyaulax, Nema-
todinium, Nematopsides, Noctiluca, Peridinium, Polykrikos, Pro-
toperidinium, Zooxanthella).

PHYLUM STRAMENOPILA (9,000 species): Diatoms, brown
algae, golden algae (Chrysophytes), silicoflagellates, labyrin-
thulids (slime nets), oomycetes, and hyphochytridiomycetes.
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PHYLUM RHIZOPODA (200 species): The rhizopodans, or
amebas; previously classified in the old phylum “Sarco-
mastigophora” (e.g., Acanthamoeba, Amoeba, Arcella, Cen-
tropyxis, Chaos, Difflugia, Endolimax, Entamoeba, Euhyperamoe-
ba, Flabellula, Hartmanella, Iodamoeba, Mayorella, Nuclearia,
Pamphagus, Pelomyxa, Pompholyxophrys, Thecamoeba). 

PHYLUM ACTINOPODA (4,240 species): The polycystines (=
radiolarians), phaeodarians, heliozoans, and acantharians; pre-
viously classified in the old phylum “Sarcomastigophora” (e.g.,
Acanthocystis, Actinophrys, Actinosphaerium, Heterophrys, Litho-
colla, Sticholonche).

PHYLUM GRANULORETICULOSA (40,000 species):
Foraminiferans; previously classified in the old phylum “Sarco-
mastigophora” (e.g., Allogramia, Astrorhiza, Biomyxa, Elphidi-
um, Glabratella, Globigerina, Gromia, Iridia, Microgromia, Num-
mulites, Rhizoplasma, Rotaliella, Technitella, Tretomphalus).

PHYLUM DIPLOMONADIDA (100 species): Diplomonads;
previously classified in the old phylum “Sarcomastigophora”

(e.g., Enteromonas, Giardia, Hexamida, Octonitis, Spironucleus,
Trimitus).

PHYLUM PARABASILIDA (300 species): Hypermastigotes and
trichomonads; previously classified in the old phylum “Sarco-
mastigophora” (e.g., Dientamoeba, Histomonas, Monocer-
comonas, Pentatrichomonas, Trichomonas, Trichonympha, Tritri-
chomonas).

PHYLUM CRYPTOMONADA: Cryptomonads; previously 
classified in the old phylum “Sarcomastigophora” (e.g.,
Chilomonas).

PHYLUM MICROSPORA (800 species): Microsporans (e.g.,
Encephalitozoon, Metchnikorella, Nosema).

PHYLUM ASCETOSPORA: Ascetosporans (e.g., Haplosporidi-
um, Marteilia, Paramyxa).

PHYLUM CHOANOFLAGELLATA: Choanoflagellates; previ-
ously classified in the old phylum “Sarcomastigophora” (e.g.,
Codosiga, Monosiga, Proterospongia).

PHYLUM CHLOROPHYTA: The green algae (e.g., Chlamy-
domonas, Eudorina, Polytoma, Polytonella, Volvox).

PHYLUM OPALINIDA: Opalinids; previously classified in the
old phylum “Sarcomastigophora” (e.g., Cepedea, Opalina, Pro-
topalina).

GENUS STEPHANOPOGON: Incertae sedis.

The Protist Bauplan

While realizing that the protists do not represent a
monophyletic clade, it is still advantageous to examine
them together from the standpoint of the strategies and
constraints of a unicellular bauplan. Remember that
within the limitations imposed by unicellularity, these
creatures still must accomplish all of the basic life func-
tions common to the Metazoa.

Body Structure, Excretion, and Gas Exchange
As we discussed in Chapter 3, most life processes are
dependent on activities associated with surfaces, no-
tably with cell membranes. Even in the largest multicel-
lular organisms, the regulation of exchanges across cell
membranes and the metabolic reactions along the sur-
faces of various cell organelles are the phenomena on
which all life ultimately depends. Consequently, the
total area of these important surfaces must be great
enough relative to the volume of the organism to pro-
vide adequate exchange and reaction sites. Nowhere is
the “lesson” of the surface area-to-volume ratio more
clearly demonstrated than among the protists, where it
reveals the impossibility of massive, 100 kg amebas
(1950s horror movies notwithstanding). Lacking both an
efficient mechanism for circulation within the body and
the presence of membrane partitions (multicellularity)
to enhance and regulate exchanges of materials, protists
must remain relatively small. The diffusion distances
between protists’ cell membranes (the “body surface”)
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Phylum Euglenida: Euglenids

Phylum Kinetoplastida: Trypanosomes and their kin

The Alveolata Phyla

Phylum Ciliophora: Ciliates

Phylum Apicomplexa: Gregarines, coccidians,
haemosporidians, and piroplasms

Phylum Dinoflagellata: Dinoflagellates

Phylum Stramenopiles: Diatoms, brown algae, golden
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and the innermost parts of their bodies can never be so
great that it prevents adequate movement of materials
from one place to another within the cell. Certainly
there are structural elements (e.g., microtubules, endo-
plasmic reticula) and various processes (e.g., protoplas-
mic streaming, active transport) that supplement pas-
sive phenomena. But the fact is, unicellularity mandates
that a high surface area-to-volume ratio be maintained
by restricting shape and size. This is the principle be-
hind the fact that the largest protists (other than certain
colonies) assume shapes that are elongate, thin, or flat-
tened—shapes that maintain small diffusion distances.

The formation of membrane-bounded pockets, or
vesicles, is common in protists, and these structures help
maintain a high surface area for internal reactions and ex-
changes. The elimination of metabolic wastes and excess
water, especially in freshwater forms living in hypotonic
environments, is facilitated by water expulsion vesicles
(see Chapter 3, Figure 3.22). As explained in Chapter 3,
these vesicles (frequently called contractile vacuoles) re-
lease their contents to the outside in a more or less con-
trolled fashion, often counteracting the normal diffusion
gradients between the cell and the environment.

Support and Locomotion
The cell surface is critical not only in providing a means
of exchange of materials with the environment but also
in providing protection and structural integrity to the
cell. The plasma membrane itself serves as a mechanical
and chemical boundary to the protist “body,” and when
present alone (as in the asymmetrical naked amebas), it
allows great flexibility and plasticity of shape. However,
many protists maintain a more or less constant shape
(spherical, radial, or bilaterally symmetrical) by thicken-
ing the cell membrane to form a pellicle, by secreting
scales or a shell-like covering called a test, by accumulat-
ing particles from the environment, or by other skeletal
arrangements. Furthermore, locomotor capabilities are
also ultimately provided by interactions between the cell
surface and the surrounding medium. Pseudopodia,
cilia, and flagella provide the means by which protists
push or pull themselves along.

Nutrition 
Various types of nutrition occur among protists—they
may be either autotrophic or heterotrophic, and some
may be both. Photosynthetic protists have chloroplasts
and are capable of photosynthesis, although not all use
the same chloroplast pigments, and they often differ in
chloroplast structure (Figure 5.2).* All heterotrophic pro-
tists acquire food through some interaction between the
cell surface and the environment. Heterotrophic forms

may be saprobic, taking in dissolved organics by diffu-
sion, active transport, or pinocytosis. Or they may be
holozoic, taking in solid foods—such as organic detritus
or whole prey—by phagocytosis. Many heterotrophic
protists are symbiotic on or within other organisms.
Those protists that engage in pinocytosis or phagocytosis
rely on the formation of membrane-bounded vesicles
called food vacuoles (Figure 5.3). These structures may
form at nearly any site on the cell surface, as they do in
the amebas, or at particular sites associated with some
sort of “cell mouth,” or cytostome, as they do in most pro-
tists with more or less fixed shapes. The cytostome may
be associated with further elaborations of the cell surface
that form permanent invaginations or feeding structures
(discussed in more detail below, under specific taxa).

Once a food vacuole has formed and moved into the
cytoplasm, it begins to swell as various enzymes and
other chemicals are secreted into it. The vacuole first be-
comes acidic, and the vacuolar membrane develops nu-
merous inwardly directed microvilli (Figure 5.3). As 
digestion proceeds, the vacuolar fluid becomes increas-
ingly alkaline. The cytoplasm just inside the vacuolar
membrane takes on a distinctive appearance from the
products of digestion. Then the vacuolar membrane
forms tiny vesicles that pinch off and carry these prod-
ucts into the cytoplasm. Much of this activity resembles
surface pinocytosis. The result is numerous, tiny, nutri-
ent-carrying vesicles offering a greatly increased surface
area for absorption of the digested products into the
cell’s cytoplasm. During this period of activity, the orig-
inal vacuole gradually shrinks and undigested materi-
als eventually are expelled from the cell. In some pro-
tists (e.g., many amebas), the spent vacuole may
discharge anywhere on the cell surface. But in ciliates
and others in which a relatively impermeable covering
exists around the cell, the covering bears a permanent
pore (cytoproct) through which the vacuole releases
material to the outside.

In protists, as in other eukaryotic organisms, the or-
ganelles responsible for most ATP production are the
mitochondria. The mitochondria of protists, like all mi-
tochondria, have two membranes, but the inner mem-
branes, or cristae, have different forms—tubular, dis-
coidal, and lamellar (Figure 5.4).

Activity and Sensitivity 
Many protists display remarkable degrees of sensitivity
to environmental stimuli and are capable of some fairly
complex behaviors. But, unlike that of animals, protists’
entire stimulus–response circuit lies within the confines
of the single cell. Response behavior may be a function
of the general sensitivity and conductivity of proto-
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*Like mitochondria, chloroplasts have an intricate internal struc-
ture of folded membranes. But the chloroplast’s membranes are
not continuous with the inner membrane of the chloroplast enve-
lope. Instead, the internal membranes lie in flattened disclike sacs 

called thylakoids. Each thylakoid consists of an outer thylakoid
membrane surrounding an inner thylakoid space. Thylakoids are
piled up like plates. Each stack is called a granum, and a chloro-
plast may contain many grana.



plasm, or it may involve special organelles. Sensitivity
to touch often involves distinctive locomotor reactions
in motile protists and avoidance responses in many ses-
sile forms. Cilia and flagella are touch-sensitive or-
ganelles; when mechanically stimulated, they typically
stop beating or beat in a pattern that moves the organ-
ism away from the point of stimulus. These responses
are most dramatically expressed by sessile stalked cili-
ates, which display very rapid reactions when the cilia

of the cell body are touched. Contractile elements with-
in the stalk shorten, pulling the animal’s body away
from the source of the stimulus.

Many protists have extrusomes, membrane-bound
(exocytotic) organelles containing various chemicals.
Extrusomes have a variety of functions (e.g., protection,
food capture, secretion), but they have one feature in
common: they readily, and sometimes explosively, dis-
charge their chemical contents when subjected to stim-
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Figure 5.2  Variations in protist chloroplast morphology.
(A) Phylum Chlorophyta. As in higher plants, the chloro-
plast in Chlorophyta is surrounded by two membranes and
the thylakoids are arranged in irregular stacks, or grana.
Also as in higher plants, the primary photosynthetic pig-
ments in chlorophytes are chlorophylls a and b, and food
reserves are stored as starch inside the chloroplast. (B)
Phylum Cryptomonada. In cryptomonads, the chloroplast
is surrounded by four membranes and the thylakoids occur
in stacks of two. The inner two membranes enclose the
thylakoids and eyespot; the outer two membranes enclose
the nucleus, food storage products, and nucleomorph. The
nucleomorph is thought to be the nucleus of an ancient
endosymbiont that eventually became the chloroplast.
Food reserves are stored as starch and oils, and the primary
photosynthetic pigments are chlorophylls a and c2; acces-
sory pigments include phycobilins and alloxanthin. (C)
Phylum Stramenopila. In stramenopiles, the chloroplast is
surrounded by four membranes and the thylakoids occur

in stacks of three. The inner two membranes enclose the
thylakoids and eyespot (if present); the outer two mem-
branes enclose the nucleus. Food reserves are stored as liq-
uid polysaccharide (usually laminarin) and oils, which are
located in the cytoplasm. The primary photosynthetic pig-
ments are chlorophylls a, c1, and c2. (D) Phyla Euglenida
and Dinoflagellata. In both of these phyla, the chloroplasts
are surrounded by three membranes and the thylakoids are
arranged in stacks of three. Also in both, the food storage
products (starch and oils) and the eye spots are located
outside of the chloroplast. The primary photosynthetic pig-
ments in euglenids are chlorophylls a and b.  Food reserves
are stored as paramylon (unique to euglenids). In dinofla-
gellates, the photosynthetic pigments include chlorophylls
a and c2; accessory pigments include the xanthophyll peri-
dinin, which is unique to dinoflagellates. Note that in some
dinoflagellates, the eye spot is located inside the chloro-
plast rather than in the cytoplasm The food storage prod-
ucts are starch and oils. 

(A)  Phylum Chlorophyta (B)  Phylum Cryptomonada
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(C)  Phylum Stramenopila (D)  Phyla Euglenida and Dinoflagelleta
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uli. The best known extrusome is the trichocyst of ciliates
such as Paramecium, but about ten different types are
known from a variety of protists. Some workers have
suggested they are related to the rhabdites of flatworms.

Thermoreception is known to occur in many protists
but is not well understood. Under experimental condi-
tions, most motile protists will seek optimal tempera-
tures when given a choice of environments. This behav-
ior probably is a function of the general sensitivity of the
organism and not of special receptors. Evidence sug-
gests that thermoreception in protists may be under
electrophysiological control. Chemotaxic responses are
probably similarly induced. Most protists react positive-
ly or negatively to various chemicals or concentrations
of chemicals. For example, amebas are able to distin-
guish food from nonfood items and quickly egest the
latter from their vacuoles. Many ciliates, especially
predators, have specialized patches of sensory cilia that
aid in finding prey, and even filter feeders use cilia lo-
cated around the cytostome to “taste” and then accept
or reject items as food. 

Photosynthetic protists typically show a positive
taxis to low or moderate light intensities, an obviously
advantageous response for these creatures. They usual-
ly become negatively phototactic in very strong light.
Specialized light-sensitive organelles are known among
many flagellates, especially the photosynthetic ones.
These eye spots, or stigmata (sing. stigma) are frequent-
ly located at or near the anterior end. Some, however,
are found associated with the chloroplasts. Eye spots
vary in complexity, ranging from very simple pigment
spots to complex, lens-like structures.

Reproduction
A major aspect of protist success is their surprising range
of reproductive strategies. Most protists have been able
to capitalize on the advantages of both asexual and sexu-
al reproduction, although some apparently reproduce
only asexually. Many of the complex cycles seen in cer-
tain protists (especially parasitic forms) involve alterna-
tion between sexual and asexual processes, with a series
of asexual divisions between brief sexual phases.
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Figure 5.3  (A–D) Activity in a generalized protist food vacuole. (A) Intact
food mass within food vacuole. (B) The vacuolar membrane and edge of the
food mass (magnified view). (C) Formation of microvilli and vesicles of vac-
uolar membrane. (D) Uptake of vesicles containing products of digestion
into the cytoplasm. (E) Cross section through the cytostome of the ciliate
Helicoprorodon, showing the area of food vacuole formation at center.
Microtubules provide support to the mouth.
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Protists undergo a variety of strictly asexual repro-
ductive processes including binary fission, multiple
fission, and budding. Binary fission involves a single
mitotic division, resulting in two daughter cells. During
multiple fission, the nucleus undergoes several multiple
divisions prior to cytokinesis (partitioning of the cyto-
plasm), resulting in many daughter cells. This is com-
mon in parasitic protists such as the Apicomplexa. Some
engage in a process called plasmotomy, considered by
some to be a form of budding, in which a multinucleate
adult simply divides into two multinucleate daughter

cells. Other members of the Apicomplexa undergo a
type of internal budding called endopolyogeny, during
which daughter cells actually form within the cyto-
plasm of the mother cell.

The advantage of sexual reproduction is thought to be
the generation and maintenance of genetic variation
within populations and species. Protists have evolved a
variety of methods that achieve this end, not all of which
result in the immediate production of additional individ-
uals. If we expand our traditional definition of meiosis to
include any nuclear process that results in a haploid con-
dition, then meiosis can be considered a protist, as well
as a metazoan, phenomenon. This disclaimer is neces-
sary because protist  “meiosis” is more variable than that
seen in animals, and it is certainly less well understood.
Nonetheless, reduction division does occur, and haploid
cells or nuclei of one kind or another are produced and
then fuse to restore the diploid condition. This produc-
tion and subsequent fusion of gametes in protists is
called syngamy. Protist cells responsible for the produc-
tion of gametes are usually called gamonts. Syngamy
may involve gametes that are all similar in size and
shape (isogamy), or the more familiar condition of ga-
metes of two distinct types (anisogamy). Thus, as in the
Metazoa, both haploid and diploid phases are produced
in the life histories of sexual protists. The meiotic process
may immediately precede the formation and union of
gametes (prezygotic reduction division), or it may occur
immediately after fertilization (postzygotic reduction di-
vision), as it does in many lower plants. Other sexual
processes that result in genetic mixing by the exchange
of nuclear material between mates (conjugation) or by
the re-formation of a genetically “new” nucleus within a
single individual (autogamy) are best known among the
ciliates and are discussed below for that phylum.

There is also considerable variability in mitosis
among protists (Box 5B). Different mitotic patterns are
primarily distinguished on the basis of persistence of
the nuclear membrane (= envelope), and the location
and symmetry of the spindle (Figure 5.5). The terms
open, semi-open, and closed refer to the persistence of the
nuclear envelope. If mitosis is open, the nuclear mem-
brane breaks down completely; if semi-open, the nu-
clear envelope remains intact except for small holes
(fenestrae) where the spindle microtubules penetrate
the nuclear envelope; if closed, the nuclear envelope re-
mains completely intact throughout mitosis. The terms
orthomitosis and pleuromitosis refer to the symmetry of
the spindle. During orthomitosis, the spindle is bipolar
and symmetrical, and an equatorial plate usually forms.
During pleuromitosis, the spindle is asymmetrical, and
an equatorial plate does not form. The terms intranuclear
and extranuclear refer to the location of the spindle.
During intranuclear mitosis, the spindle forms inside of
the nucleus; during extranuclear mitosis, the spindle
forms outside of the nucleus (see Raikov 1994 for more
detailed descriptions of protist mitosis).
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Figure 5.4  Protist mito-
chondria, showing variation
in the inner membrane (i.e.,
cristae). (A) Lamellar cristae
from the mitochondrion of
the choanoflagellate
Stephanocea (× 80,000). 
(B) Discoidal cristae from the
mitochondrion of the
euglenid Euglena spirogyra
(× 40,000). (C) Tubular
cristae from the mitochondri-
on of the chlorophyte
Pteromonas lacertae (× 27,000). 
(D) Dilated tubular cristae from the mitochondrion of Apuso-
monas proboscidea, an enigmatic flagellate of uncertain affini-
ty (× 97,000). 
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Protist nuclei also show remarkable diversity. The
most common type is the vesicular nucleus, and it is
characterized as being between 1–10 µm in diameter,
round (usually), with a prominent nucleolus, and uncon-
densed chromatin. Ovular nuclei are characterized as
being large (up to 100 µm in diameter), with many pe-
ripheral nucleoli, and uncondensed chromatin. Chromo-
somal nuclei are characterized by the tendency of the
chromosomes to remain condensed during interphase,
and for there to be one nucleolus that is associated with a
chromosome. Ciliates have two unique kinds of nuclei:
small micronuclei (with no nucleoli and dispersed chro-
matin) and large macronuclei (with many prominent nu-
cleoli and compact chromatin).In summary, protist diver-
sity and success is reflected by the tremendous variation
within the unicellular bauplan. The following accounts of
protist phyla explore this variation in some detail.

Phylum Euglenida
Most euglenids occur in fresh water, but a few marine
and brackish-water species are known. The majority are

noncolonial, but some colonial forms exist
(e.g., Colacium). Euglenids come in a wide
variety of shapes—elongate, spherical,
ovoid, or leaf-shaped (Figures 5.1F and 5.6).
This group includes organisms such as the
familiar genus Euglena, which has been
used extensively in research laboratories
and is commonly studied in introductory
biology and invertebrate zoology courses.

The phyla Euglenida and Kinetoplastida
appear to be closely related, even though
many euglenids are photosynthetic and
most kinetoplastids (see below) are para-
sitic heterotrophs. The morphological fea-
tures they share include linked micro-
tubules underlying the cell membrane,
discoidal cristae in a single large mitochon-
drion, flagella containing a lattice-like sup-
portive rod, and a similar pattern of mitosis
(Box 5C). Molecular studies, using se-
quences from the gene for ribosomal DNA,
also indicate that these are closely related
groups (e.g., Schlagel 1994). 
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Figure 5.5  Mitosis in protists. In open mitosis the nuclear
membrane breaks down completely. In semi-open mitosis
the nuclear envelope remains intact except for small holes
where the spindle microtubules penetrate the nuclear enve-
lope. In closed mitosis the nuclear envelope remains com-
pletely intact throughout mitosis, the spindle forming either
inside the nucleus (intranuclear mitosis) or outside the nucle-
us (extranuclear mitosis). Orthomitosis refers to the spindle
being bipolar and symmetrical, usually with the formation of
an equatorial plate. Pleuromitosis occurs when the spindle is
asymmetrical and an equatorial plate does not form.

Open mitosis
1. Open orthomitosis. The nuclear envelope breaks

down completely; the spindle is symmetrical and
bipolar; an equatorial plate occurs.

Semi-open mitosis
2. Semi-open orthomitosis. The nuclear envelope per-

sists except for small fenestrae through which the
spindle microtubules enter the nucleus; the spin-
dle is symmetrical and bipolar; an equatorial plate
occurs.

3. Semi-open pleuromitosis. The nuclear envelope per-
sists except for small fenestrae through which the
spindle microtubules enter the nucleus; the spindle
is asymmetrical; an equatorial plate does not form.

Closed mitosis with an intranuclear spindle
4. Intranuclear orthomitosis. Nuclear envelope persists

throughout mitosis; spindle is symmetrical, bipo-
lar, and forms inside the nucleus; an equatorial
plate usually forms.

5. Intranuclear pleuromitosis. Nuclear envelope per-
sists throughout mitosis; spindle is asymmetrical
and forms inside the nucleus; an equatorial plate
does not form.

Closed mitosis with an extranuclear spindle
6. Extranuclear pleuromitosis. Nuclear envelope per-

sists throughout mitosis; spindle is asymmetrical
and forms outside of the nucleus; an equatorial
plate does not form.

BOX 5B Six Categories of 
Mitosis in Protists
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Euglenids are com-
monly found in bodies
of water rich in decay-
ing organic matter. As
such, some are useful in-
dicator organisms of
water quality (e.g.,
Leocinclis, Phacus, Trache-
lomonas). Some species
of Euglena have been used in experiments for waste
water treatment and have been reported to extract heavy
metals such as magnesium, iron, and zinc from sludge.
Other euglenids, however, are environmental pests, and
some have been shown to produce toxic substances
which have been associated with diseases in trout fry.
Others are responsible for toxic blooms, which have
caused massive destruction of fishes and molluscs in
Japan. 

Support and Locomotion
The shape of euglenids is maintained by a pellicle con-
sisting of interlocking strips of protein lying beneath the
cell membrane. The stripes that can sometimes be seen
on a euglenid are the seams between the long protein
strips winding around the cell. Often the pellicle is sup-
ported by regularly arranged microtubules lying just un-
derneath it. The rigidity of the pellicle is variable. Some
(e.g., Menodium, Rhobdomonas) have protein strips that
are fused together into a rigid pellicle, while others (e.g.,
Euglena) have protein strips that are articulated to pro-
duce a flexible pellicle. Those euglenids with a flexible
pellicle undergo euglenoid movement, or metaboly, in
which the cell undulates as it rapidly extends and con-
tracts (Figures 5.6 and 5.7). Although this type of move-
ment is not fully understood, it is thought to be accom-
plished by the sliding of microtubules against the
protein strips (Figure 5.8).
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(A)

(C) Figure 5.6 Phylum Euglenida. (A) Diagram of Euglena’s
anatomy. (B) Peranema exhibiting metaboly. (C)
Entosiphon. 

1. Shape of cell maintained by pellicle, formed by
interlocking strips of protein beneath plasma
membrane; pellicle generally associated with
microtubules arranged in regular pattern

2. Most with two flagella of unequal lengths for
locomotion, supported by paraxonemal rods;
each flagellum with single row of hairs. Region
between axoneme and basal body of flagellum
appears structureless and hollow

3. Single mitochondrion has discoidal cristae

4. With single chromosomal nucleus. Nuclear mem-
brane is not continuous with endoplasmic reticu-
lum (unusual among protists)

5. Nuclear division occurs by closed intranuclear
pleuromitosis without centrioles; organizing cen-
ter for mitotic spindle is not obvious

6. Asexual reproduction by longitudinal binary fission
(symmetrogenic)

7. May be strictly asexual—neither meiosis nor sexu-
al reproduction has been confirmed

8. Photosynthetic forms have chlorophylls a and b;
usually appear grass-green in color. Thylakoid
membranes arranged in stacks of three, three
membranes surround the chloroplast; outermost
membrane is not continuous with nuclear mem-
brane

9. Food reserves stored in cytoplasm as the unique
starch paramylon

BOX 5C Characteristics of 
the Phylum Euglenida 

(B)



A few euglenids (e.g., Ascoglena,
Colacium, Stromonas, Trachelomonas)
secrete a lorica, or envelope, exterior
to the cell membrane. The lorica is
formed by the mucous secretions of
small organelles called mucocysts,
which are located under the cell
membrane along the seams between
the protein strips of the pellicle.
Secretions of mucocysts are also
used to form protective coverings
when environmental conditions be-
come unfavorable.

Locomotion in euglenids is pri-
marily by flagella. They have two
flagella, but one may be very short
or represented by just a kineto-
some.* The flagella originate in an
invagination at the anterior end of
the cell called a reservoir (= flagellar
pocket). The longer, anteriorly di-
rected flagellum propels the cell
through the water or across surfaces

(Figure 5.6). The shorter flagellum either trails behind or
does not emerge from the reservoir at all. Both flagella
have a single row of hairs on their surface and a lattice-
like supporting rod, called the paraxonemal rod, lying
adjacent to the microtubules within the shaft.

Nutrition
Euglenids are quite variable in their nutrition. Ap-
proximately one-third have chloroplasts and are pho-
toautotrophic. These are positively phototaxic and have
a swelling near the base of the anterior flagellum that
acts as a photoreceptor. The chloroplast is surrounded
by three membranes and has thylakoids that are
arranged in stacks of three (see Figure 5.2). The photo-
synthetic pigments include: chlorophylls a and b, phy-
cobilins, β-carotene, and the xanthophylls neoxanthin
and diadinoanthin. Apparently, not all nutritional re-
quirements are satisfied by photosynthesis, and all eu-
glenids which have been studied, even those with
chloroplasts, require at least vitamins B1 and B12, which
must be obtained from the environment.

Approximately two-thirds of the described species of
euglenids lack chloroplasts and are thus obligate het-
erotrophs, and even phototrophic forms can lose their

chloroplasts and switch to heterotrophy. A few parasitic
species have been reported in invertebrates and am-
phibian tadpoles. Most euglenids take in dissolved or-
ganic nutrients by saprotrophy. This is generally restrict-
ed to parts of the cell not covered by the pellicle, such as
the reservoir. Some euglenids also ingest particulate
food items by phagocytosis of relatively large (some-
times comparatively huge) food materials. These have a
cytostome located near the base of a flagellum where
food vacuoles form (e.g., Peranema; Figure 5.9A). The cy-
tostome usually leads to a tube called the cytopharynx
that extends from the cytostome deep into the cyto-
plasm. The walls of the cytopharynx are often rein-
forced by highly organized bundles of microtubules
(e.g., Entosiphon, Peranema) (Figure 5.9B). Extrusomes
are often found near the cytostome and presumably aid
in prey capture.

Reproduction
Asexual reproduction in euglenids is by longitudinal
cell division. Division occurs along the longitudinal
plane (Figure 5.10). Nuclear division occurs by closed
intranuclear pleuromitosis. During mitosis, the nucleo-
lus remains distinct and no obvious microtubular orga-
nizing center is evident. Sexual reproduction has been
reported in one species, but this has not been con-
firmed. 

Phylum Kinetoplastida 
(The Trypanosomes 
and Their Relatives)
There are about 600 described species of kinetoplastids.
This group includes two major subgroups: the bodonids
and the trypanosomes (Figures 5.1G and 5.11A). The
bodonids are primarily free living in marine and fresh-
water environments rich in organic material. Because
bodonids have a strict oxygen requirement they usually
aggregate at a particular distance from the water sur-
face. The trypanosomes are exclusively parasitic, and
they occur in the digestive tracts of invertebrates,
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*The kinetosomes of protists have the characteristic nine peripher-
al elements and are virtually indistinguishable from the centrioles
of other eukaryotic cells. In protists, they often lie at the bottom of
flagellar pockets or reservoirs.

Figure 5.7  Phylum Euglenida.
Euglenoid movement in Euglena. 

Figure 5.8 Phylum Euglenida. Transmission electron
micrograph of the pellicle of Euglena showing the protein
strips and the microtubules. 

Protein strip Microtubules
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phloem vessels of certain plant species, and the blood of
vertebrates. Leptomonas exhibits the simplest cycle, in
which an insect is the sole host and transmission occurs
by way of an ingested cyst. In humans, Leishmania and
Trypanosoma cause several debilitating and often fatal
diseases.

Kinetoplastids are best known as agents of disease in
humans and domestic animals. Species of Leishmania
cause a variety of ailments collectively called leishma-
niasis, and these include kala-azar (a visceral infection
that particularly affects the spleen), oriental sore (char-
acterized by skin boils), and several other skin and mu-
cous membrane infections. Leishmaniasis strikes over a

million humans annually but due to effective treatment,
it only kills about 1,000 people each year. Leishmaniasis
is transmitted almost exclusively by the bite of sandflies
(Diptera: Phlebotominae).*

More serious diseases are caused by members of the
genus Trypanosoma, all of which are parasites of all class-
es of vertebrates. T. brucei is a nonlethal parasite that
lives in the bloodstream of African hoofed animals, in
which it causes a disease called nagana. Unfortunately,
it also attacks domestic livestock, including horses,
sheep, and cattle; in the latter case it is often fatal, mak-
ing it impossible to raise livestock on more than 4.5 mil-
lion square miles of the African continent (an area larger
than the United States). Two other African species (often
considered subspecies of T. brucei) are T. gambiense and
T. rhodesiense, both of which cause  sleeping sickness in
humans. These parasites are introduced into the blood
of humans from the salivary glands of the blood-suck-
ing tsetse fly (Glossina). From the blood, trypanosomes
can enter the lymphatic system and ultimately the cere-
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(A)

Figure 5.9  Phylum Euglenida. (A) Paranema feeding on
Euglena. Paranema possesses an expandable feeding pock-
et separate from the reservoir in which the flagella arise.
The rod organ can be extended to pierce prey and either
pull it into the feeding apparatus or hold it while the con-
tents are sucked out. (B) Transmission electron micrograph
through the cytopharyngeal rods of the euglenid
Entosiphon.

(B)

Figure 5.10  Phylum Euglenida, asexual reproduction.
Longitudinal fission in Euglena, in which the flagella and
reservoir duplicate prior to cell division.

*Species of Leishmania are difficult to differentiate morphologically,
and their taxonomy is unsettled. Most widespread are Leishmania
tropica and L. major, which occur in Africa and southern Asia and
are transmitted by species of the genus Phlebotomus. These species
produce the cutaneous ulcers variously known as oriental sore,
cutaneous leishmaniasis, Jericho boil, Aleppo boil, and Delhi boil.
Leishmania donovani is endemic to southern Asia but also occurs in
low levels in Latin America and the Mediterranean region; it is the
etiological agent of Dum-Dum fever, or kala-azar. Kala-azar can
result in extreme and even grotesque skin deformations. Leish-
mania braziliensis is endemic to Brazil, where it causes espundia, or
uta, which often leads to such severe destruction of the skin and
associated tissues that complete erosion of the lips and gums
ensues. Leishmania mexicana occurs in northern Central America,
Mexico, Texas, and probably some Caribbean islands, where it
mostly affects agricultural or forest laborers. Infections of L. mexi-
cana cause a cutaneous disease called chiclero ulcer, because it is so
common in “chicleros,” men who harvest the gum of chicle trees. 
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brospinal fluid. Sleeping sickness is often fatal and kills
about 65,000 people annually.

Chagas’ disease (common in Central and South
America, and Mexico) is caused by T. cruzi and is trans-
mitted to humans by cone-nosed hemipteran bugs (also
known as assassin or kissing bugs; family Reduviidae,
subfamily Triatominae). These bugs feed on blood and
often bite sleeping humans. They commonly bite around
the mouth, hence the vernacular name. After feeding
they leave behind feces that contain the infective stage,
which invades through mucous membranes or the
wound caused by the insect’s bite. Occasionally the bugs
bite around the eyes of the sleeping vicims, and subse-
quent rubbing leads to conjunctivitis and swelling of a
particular lymph node, a symptom known as Romaña’s
Sign. The parasites migrate to the bloodstream, where
they circulate and invade other tissues. In chronic
human infections, T. cruzi can cause severe tissue de-
struction including the enlargment and thinning of walls
of the heart. In Central and South America the incidence
of Chagas’ disease is high, and an estimated 15 to 20 mil-
lion persons are infected at any given time. A study in
Brazil attributed a 30 percent mortality rate to Chagas’
disease. In the United States, at least 14 species of mam-
mals may serve as reservoirs (including dogs, cats, opos-
sums, armadillos, and wood rats), although the U.S.
strain of T. cruzi is considerably less pathogenic than the
Central and South American strains and the incidence of
disease is very low.

The kinetoplastids have a single, elongate mitochon-
drion with a uniquely conspicuous dark-staining con-
centration of mitochondrial DNA (mDNA) called the
kinetoplast—hence the phylum name. Generally the
kinetoplast is found in the part of the mitochondrion
lying close to the kinetosomes, although there is no
known relationship between these two structures. The
size, shape, and position of the kinetoplast is important
in the taxonomy of trypanosomes and bodonids, and it
is used in distinguishing between different stages in the
life cycle (Box 5D). Kinetoplast DNA (kDNA) is orga-
nized into a network of linked circles, quite unlike the
DNA in mitochondria of other organisms.

Support and Locomotion
The shape of a cell is maintained by a pellicle consisting
of the cell membrane and a supporting layer of micro-
tubules. In bodonids, the pellicular microtubules consist
of three microtubular bands, whereas in trypanosomes
the pellicular microtubules are evenly spaced and form
a corset which envelops the entire body. In try-
panosomes, a layer of glycoprotein (12 to 15 µm thick)
coats the outside of the cell and acts as a protective bar-
rier against the host’s immune system. The composition
of the glycoprotein coat is changed cyclically. A conse-
quence of this is that the trypanosome is able to avoid
the host’s immune system. This has been well studied in
pathogenic trypanosomes such as Trypanosoma brucei

(the causative agent of African sleeping sickness). When
the trypanosome enters the host’s body, the immune
system recognizes the glycoprotein as foreign (an anti-
gen) and specific antibodies are made against it.
Although most of the trypanosome population is de-
stroyed, a few are able to evade the immune system by
changing their glycoprotein coat so that the new coat is
unrecognizable to the host’s antibodies. Once a new an-
tibody is produced by the host, another new glycopro-
tein is produced by the trypanosome, and so on. About
1,000 genes code for the surface glycoproteins, although
only one gene is expressed at a time. The ability of try-
panosomes to change their glycoprotein coat makes
treatment of trypanosome infections difficult.

Both bodonids and trypanosomes move using fla-
gella which, like those of euglenids, usually emerge
from an inpocketing and contain a paraxonemal rod.
Trypanosomes have two kinetosomes, but only one has
a flagellum. In many forms this flagellum lies against
the side of the cell and its outer membrane is attached to
the cell body’s membrane. When the flagellum beats,
the membrane of the cell is pulled up into a fold and
looks like a waving or undulating membrane (Figure
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BOX 5D Characteristics of the 

Phylum Kinetoplastida
1. Shape of cell maintained by pellicle consisting of

corset of microtubules beneath plasma membrane

2. With two flagella for locomotion. In bodonids,
both flagella bear axonemes; in trypanosomes,
only one flagellum bears an axoneme. Flagella
associated with paraxonemal rod, with characteris-
tic transition zone

3. Single, elongate mitochondrion has discoidal
cristae and conspicuous discoidal concentration of
mDNA (the kinetoplast). Shape of cristae can
change as organism progresses through life cycle,
but predominantly discoidal

4. With single vesicular nucleus; prominent nucleolus
typically evident

5. Nuclear division occurs by closed intranuclear
pleuromitosis without centrioles. Plaques on inside
of nuclear envelope may act as organizing centers
for mitotic spindle 

6. Asexual reproduction by longitudinal binary fission
(symmetrogenic)

7. Neither meiosis nor sexual reproduction has been
confirmed

8. Without plastids and storage carbohydrates 

9. Mitochondrial DNA forms aggregates, collectively
known as the kinetoplast, readily seen with the
light microscope



5.11). This arrangement appears to be relatively efficient
in moving the cell through viscous media (such as
blood). Although trypanosomes can change the direc-
tion of flagellar beat in response to chemical or physical
stimuli, usually the beat begins at the tip of the flagel-
lum and proceeds toward the kinetosome. This is the re-
verse of the way flagella usually beat (from base to tip).
Bodonids have two flagella, but only the one that is ex-
tended anteriorly is used in locomotion; the other trails
behind and may be partially attached to the body in
some species (e.g., Dimastigella, Procryptobia).

Nutrition
All kinetoplastids are heterotrophic. Free-living
bodonids capture particulate food, primarily bacteria,
with the aid of their anterior flagellum and ingest
through a permanent cytostome. The cytostome leads to
a cytopharynx which is supported by microtubules. At
the base of the cytopharynx, food is enclosed in food
vacuoles by endocytosis.

Unfortunately, little is known about feeding mecha-
nisms in trypanosomes, all of which are parasitic. Some
trypanosomes have a cytostome–cytopharyngeal com-
plex through which proteins are ingested. The proteins
are taken into food vacuoles by pinocytosis at the base
of the cytopharynx. It has also been reported that some
trypanosomes can take in proteins by pinocytosis from
the membrane lining the flagellar pocket or by some
sort of cell membrane-mediated mechanism.
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Figure 5.11  Phylum Kinetoplastida. (A) Trypanosoma bru-
cei, a bloodstream parasite. (B) Bodo caudatus, a free-living
kinetoplastid. (C) Electron micrograph of a trypanosome.



Reproduction and Life Cycles
Although sexual reproduction has never been observed
in kinetoplastids, there is indirect genetic evidence that
it occurs. Asexual reproduction occurs by longitudinal
binary fission or budding, as in Euglena. Nuclear divi-
sion is by closed intranuclear pleuromitosis. During
pleuromitotic mitosis, the nucleolus remains distinct
and plaques on the inside of the nuclear envelope ap-
pear to organize the spindle (centrioles are absent). An
unusual feature of kinetoplastid mitosis is that con-
densed chromosomes cannot be identified when the nu-
cleus is dividing, even though they are typically con-
spicuous during interphase.

The life cycles of trypanosomes are complex and in-
volve at least one host, but usually more. Trypanosomes
which have only one host are said to be monoxenous
while those which occupy more than one host are said
to be heteroxenous. Monoxenous trypanosomes usual-
ly are found infecting the digestive tracts of arthropods
and annelids. Most heteroxenous forms live for part of
their life cycle in the blood of vertebrates and the re-
maining part of their life cycle in the digestive tracts of
blood-sucking invertebrates, usually insects. As a try-
panosome progresses through its life cycle, the shape of
the cell undergoes different body form changes, de-
pending on the phase of the cycle and the host it is para-
sitizing. Not all of these forms (Figure 5.12) occur in all
genera. For example, in Trypanosoma cruzi, only the epi-
mastigote, amastigote, and trypomastigote forms occur.
These body forms differ in shape, position of the kineto-
some and kinetoplast, and in the development of the
flagellum.

The alveolata phyla. Three protist phyla (ciliates, api-
complexans, and dinoflagellates) have an alveolar

membrane system, which comprises flattened mem-
brane-bound sacs (alveoli) lying beneath the outer cell
membrane. The presence of this system, together with
evidence from molecular sequence comparisons, indi-
cate that these three protist phyla are closely related
evolutionarily.

Phylum Ciliophora (The Ciliates)
There are about 12,000 described species of ciliates.
Ciliates are very common in benthic and planktonic
communities in marine, brackish, and freshwater habi-
tats, as well as in damp soils. Both sessile and errant
types are known, and many are ecto- or endosymbionts,
including a number of parasitic species. Most occur as
single cells, but branching and linear colonies are
known in several species. The ciliates shown in Figures
5.1E and 5.13 illustrate a variety of body forms within
this large and complex group of protists.

Ciliates are important mutualistic endosymbionts 
of ruminants such as goats, sheep, and cattle. They are
found by the millions in the digestive tracts, feeding on
plant matter ingested by the host and converting it into
a form that can be metabolized by the ruminant. In ad-
dition, some ciliates are found parasitizing fish and at
least one (Balantidium coli) is known to be an occasional
endoparasite of the human digestive tract. Ciliates such
as Tetrahymena and Colpidium have been used as model
organisms in experiments to evaluate the effects of
chemicals on protists. Others are widely used as indica-
tors of water quality and have been used to clarify water
in sewage treatment plants (Box 5E).

Support and Locomotion
The fixed cell shape of ciliates is maintained by the alve-
olar membrane system and an underlying fibrous layer
called the epiplasm, or cortex (Figure 5.14). A few types
(e.g., tintinnids) secrete external skeletons, or loricae,
which have been documented in the fossil record as
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Figure 5.12  Phylum Kinetoplastida. Body plans of vari-
ous trypanosomes. (A) Leishmania (amastigote form). (B)
Crithidia (choanomastigote form). (C) Leptomonas (pro-
mastigote form). (D) Herpetomonas (opisthomastigote
form). (E) Trypanosoma (trypomastigote form).
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8 Water expulsion vesicle
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Figure 5.13  Phylum Ciliophora.
Representative ciliates. (A) Paramecium
(a peniculine). (B) Loxophyllum (a hap-
torid). (C) Nassula (a nassulid). (D)
Vaginacola (a loricated peritrich). (E)
Euplotes (a hypotrich); note the promi-
nent AZM. (F) Euplotes; note the AZM.
(G) Stentor (a heterotrich). 
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early as the Ordovician (500 million years ago). Another
common group (Coleps and its relatives) has calcium
carbonate plates in their alveoli.

The cilia are in rows called kineties, and the different
patterns these rows create are used as taxonomic charac-
ters for identification and classification. Associated with
the kinetosomes are three fibrillar structures—two mi-
crotubular roots, the postciliary microtubules and the
transverse microtubules, and one fibrous root, the kine-
todesmal fiber. These roots, together
called the infraciliature, anchor the
cilium and provide additional sup-
port for the cell surface (Figure 5.14).

The cilia can be grouped into two
functional and two structural cate-
gories. Cilia associated with the cy-
tostome and the surrounding feeding
area are the oral ciliature, whereas
cilia of the general body surface are
the somatic ciliature. The cilia in
both of these categories may be sin-

gle, or simple cilia, or the kinetosomes may be grouped
close together to form compound ciliature (e.g., cirri,
membranelles). Ciliatologists have developed a detailed
and complicated terminology for talking about their fa-
vorite creatures. This special language reaches almost
overwhelming proportions in matters of ciliature, and
we present here only a necessary minimum of new
words in order to adequately describe these organisms.
Beyond this, we offer the reference list at the end of this
chapter, especially the extensive and illustrated glossary
in J. O. Corliss’s The Ciliated Protozoa (1979).

The cilia are also, of course, the locomotory organelles
of ciliate protists. Their structural similarities to flagella
are well known, and many workers treat cilia simply as
short specialized flagella; but ciliates do not move like
protists with flagella. The differences are due in large
part to the facts that cilia are much more numerous and
densely distributed than flagella, and the patterns of cili-
ation on the body are extremely varied and thus allow a
range of diverse locomotor behaviors not possible with
just one or a few flagella.

As discussed in Chapter 3, each individual cilium
undergoes an effective (power) stroke as it beats. The
cilium does not move on a single plane, but describes a
distorted cone as it beats (Figure 5.15A, B). The counter-
clockwise movement (when viewed from the outside of
the cell) is an intrinsic feature of cilia and occurs even
when they are isolated. The beating of a ciliary field oc-
curs in metachronal waves that pass over the body sur-
face (Figure 5.15C). The coordination of these waves is 
apparently due largely to hydrodynamic effects gener-
ated as each cilium moves. Microdisturbances created in
the water by the action of one cilium stimulate move-
ment in the neighboring cilium, and so on over the cell
surface.

The effective stroke of the cilium, coupled with the di-
rection of the metachronal waves, results in three main
patterns of metachronal coordination (Figure 5.15D–F).
Fields of cilia that are spaced closely together tend to
show symplectic metachrony, in which the metachronal
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BOX 5E Characteristics of the 

Phylum Ciliophora
1. Shape of cell maintained by pellicle consisting of

alveolar vesicles and fibrous layer of epiplasm
beneath plasma membrane

2. With cilia for locomotion. Associated with the basal
bodies (kinetosomes) of cilia are two microtubular
rootsand one fibrous root ; these roots plus basal
bodies are collectively known as infraciliature

3. Mitochondria with tubular cristae

4. With two distinct types of nuclei, a hyperpolyploid
macronucleus and a diploid micronucleus

5. Micronucleus divides by closed intranuclear
orthomitosis (in most) without centrioles.
Electron-dense bodies inside nucleus act as orga-
nizing centers for mitotic spindle. Macronucleus
divides amitotically by simple constriction

6. Asexual reproduction by transverse binary fission
(homothetogenic)

7. Sexual reproduction by conjugation: pair of cili-
ates fuse and exchange micronuclei through a
cytoplasmic connection at point of joining

8. Without plastids

9. Carbohydrates sorted as glycogen

Kinetodesmal  
fiber

Transverse microtubules

Postciliary
microtubules

Figure 5.14  Phylum Ciliophora. Fine
structure of cortex of Tetrahymena
pyriformis.



wave passes in the same direction as the effective stroke:
anterior to posterior. In some metazoans that have
widely spaced ciliary fields, the cilia show antiplectic
metachrony, in which the metachronal wave and the ef-
fective stroke pass in opposite directions. The most com-
mon metachronal pattern is diaplectic metachrony. In
this case, the effective stroke is perpendicular to the
metachronal wave. There are two subtypes of diaplectic
metachrony. If the tip of the cilium follows a clockwise

path during the recovery stroke, the pattern is laeoplec-
tic; this occurs in molluscs. If the tip of the cilium fol-
lows a counterclockwise path during the recovery
stroke, the pattern is dexioplectic; this is the most com-
mon pattern found in ciliates and results in a spiraling
motion as the organism swims (Figure 5.15G). Many cil-
iates (e.g., Didinium, Paramecium) can vary the direction
of ciliary beating and metachronal waves. In such
forms, complete reversal of the body’s direction of
movement is possible by simply reversing the ciliary
beat and wave directions.

Perhaps more than any other protist group, the ciliates
have been studied for their complex locomotory behav-
ior. Paramecium, a popular laboratory animal, has re-
ceived most of the attention of protozoological be-
haviorists. When a swimming Paramecium encounters a
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Figure 5.15  Phylum Ciliophora. Locomotion in ciliates. (A) The positions of a single cili-
um during the effective (power) and recovery strokes. (B) Flattened oval described by the
tip of a beating cilium. (C) A ciliary field fixed during metachronal beating. Rows 0–2 are
engaged in the power stroke, whereas rows 3–7 are at various stages of the recovery
stroke. (D) Symplectic metachrony. (e, direction of effective stroke; m, direction of
metachronal wave). (E) Antiplectic metachrony. (F) Diaplectic metachrony. (G) Helical 
pattern of forward movement of Paramecium. (H) Stylonychia uses cirri for “walking.” 



mechanical or chemical environmental stimulus of suffi-
cient intensity, it begins a series of rather intricate re-
sponse activities. The animal first initiates a reversal of
movement, effectively backing away from the source of
the stimulus. Then, while the posterior end of the body
remains more or less stationary, the anterior end swings
around in a circle. This action is appropriately called the
cone-swinging phase. The Paramecium then proceeds for-
ward again, usually along a new pathway. Much of the
literature refers to this behavior in terms of simple “trial
and error,” but the situation is not so easily explained.
The response pattern is not constant, because the cone-
swinging phase may not always occur; sometimes the
animal simply changes direction in one movement and
swims forward again. Furthermore, the cone-swinging
phase occurs even in the absence of recognizable stimuli
and thus may be regarded as a phenomenon of “nor-
mal” locomotion. Recent studies suggest that Parame-
cium swimming behavior is governed by the cell’s mem-
brane potential. When the membrane is “at rest,” the
cilia beat posteriorly and the cell swims forward. When
the membrane becomes depolarized, the cilia beat in a
reverse direction (ciliary reversal) and the cell backs up.
In Paramecium genetic mutations are known to result in
abnormal behavior characterized by prolonged periods
of continuous ciliary reversal (the so-called “paranoiac
Paramecium”).

An interesting form of locomotion in ciliates is exhib-
ited by the hypotrich ciliates (e.g., Euplotes). In this
group, the somatic cilia are arranged in bundles called
cirri, which they use to “crawl” or “walk” over surfaces
(Figures 5.13E and 5.15H). Sessile ciliates are also capable
of movement in response to stimuli. The attachment
stalk of many peritrichs (e.g., Vorticella) contains contrac-
tile myonemes that serve to pull the cell body against the
substratum. Similar myonemes are found in the cell
walls of other ciliates (e.g., Stentor), and they are capable
of contracting and extending the entire cell. Other ciliates
(e.g., Lacrymaria) use sliding microtubules to contract.

Nutrition
The ciliates include many different feeding types. Some
are filter feeders, others capture and ingest other protists
or small invertebrates, many eat algal filaments or di-
atoms, some graze on attached bacteria, and a few are
saprophytic parasites. In almost all ciliates, feeding is re-
stricted to a specialized oral area containing the cy-
tostome, or “cell mouth.” Food vacuoles are formed at
the cytostome and then are circulated through the cyto-
plasm as digestion occurs (Figure 5.16). Because of the
different ciliate feeding types, however, there are a vari-
ety of structures associated with, and modifications of,
the cytostome.

Holozoic ciliates that ingest relatively large food
items usually possess a nonciliated tube, called the cy-
topharynx, which extends from the cytostome deep into
the cytoplasm. The walls of the cytopharynx are often

reinforced with rods of microtubules (nematodesmata).
In a few forms, most notably Didinium, the cytopharynx
is normally everted to form a projection  that sticks to
prey and then inverts back into the cell, thus pulling the
prey into a food vacuole. In this way, Didinium can en-
gulf its relatively gigantic prey, Paramecium (Figure
5.17A). Other ciliates, such as the hypostomes, have
complex nematodesmal baskets in which microtubules
work together to draw filaments of algae into the cy-
tostome, reminiscent of the way a human sucks up a
piece of spaghetti (Figure 5.17B). In most of these cili-
ates, the cilia around the mouth are relatively simple.

Other ciliates, including many of the more familiar
forms (e.g., Stentor) are suspension feeders (Figure 5.18).
These often lack or have reduced cytopharynxes.
Instead, they have elaborate specialized oral cilia for cre-
ating water currents, and filtering structures or scraping
devices. Their cytostomes often sit in a depression on
the cell surface. The size of the food eaten by such cili-
ates depends on the nature of the feeding current and,
when present, the size of the depression. The oral cilia-
ture often consists of compound ciliary organelles,
called the adoral zone of membranelles, or simply the
AZM (Figure 5.13E, F), on one side of the cytostome,
and a row of closely situated paired cilia which is fre-
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Figure 5.16  Phylum Ciliophora. Formation of and diges-
tion within a food vacuole in Paramecium caudatum . The
sequence of digestive events may be followed by staining
yeast cells with Congo red dye and allowing the stained
cells to be ingested by the protist. The changes in color
from red to red-orange to blue-green reflects the change
to an acid condition within the food vacuole and thus the
initial stage of the digestive process. The change back to
red-orange occurs as the vacuole subsequently becomes
more alkaline. The pattern of movement of the food vac-
uole (arrows) is typical of this animal and is often termed
cyclosis.



quently called the paroral membrane on the other side.
Ciliates that feed like this include such common genera
as Euplotes, Stentor, and Vorticella. Many hypotrichs (e.g.,
Euplotes) that move about the substratum with their oral
region oriented ventrally use their specialized oral cilia-
ture to swirl settled material into suspension and then
into the buccal cavity for ingestion.

Among the most specialized ciliate feeding methods
are those used by the suctorians, which lack cilia as
adults and instead have knobbed feeding tentacles
(Figure 5.19). A few suctorians have two types of tenta-
cles, one form for food capture and another for inges-
tion. The swellings at the tips of the tentacles contain ex-
trusomes called haptocysts, which are discharged upon
contact with a potential prey. Portions of the haptocyst
penetrate the victim and hold it to the tentacle.
Sometimes prey are actually paralyzed after contact
with haptocysts, presumably by enzymes released dur-
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Figure 5.17  Phylum Ciliophora. Holozoic feeding in ciliates. (A) Didinium
consuming paramecium. (B) Nassulopsis ingesting blue-green algae. 

(A) (B)

Figure 5.18  Phylum Ciliophora. Feeding currents pro-
duced by two ciliates. (A) Euplotes. (B) Stentor. The ciliary
currents bring suspended food to the cell, where it can be
ingested. 



ing discharge. Following attachment to the prey, a tem-
porary tube forms within the tentacle, and the contents
of the prey are sucked into the tentacle and incorporated
into food vacuoles (Figure 5.19B–D).

In addition to haptocysts, several other types of extru-
somes are present in ciliates. Some predatory ciliates
have tubular extrusomes, called toxicysts, in the oral re-
gion of the cell (Figure 5.20A). During feeding, the toxi-
cysts are extruded and release their contents, which ap-
parently include both paralytic and digestive enzymes.
Active prey are first immobilized and then partially di-
gested by the discharged chemicals; this partially digest-
ed food is later taken into food vacuoles. Some ciliates
have organelles called mucocysts located just beneath
the pellicle (Figure 5.20B). Mucocysts discharge mucus
onto the surface of the cell as a protective coating; they
may also play a role in cyst formation. Others have tri-
chocysts, which contain nail-shaped structures that can
be discharged through the pellicle. Most specialists sug-
gest that these structures are not used in prey capture,
but serve a defensive function.

A number of ciliates are ecto- or endosymbionts asso-
ciated with a variety of vertebrate and invertebrate hosts.
In some cases these symbionts depend entirely upon
their hosts for food. Some suctorians, for example, are
true parasites, occasionally living within the cytoplasm
of other ciliates. A number of hypostome ciliates are ec-
toparasites on freshwater fishes and may cause signifi-
cant damage to their hosts’ gills. Balantidium coli, a large
vestibuliferan ciliate, is common in pigs and occasional-
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Figure 5.20  Phylum Ciliophora. Extrusomes in ciliates.
(A) Toxicyst (longitudinal section) from Helicoprorodon. (B)
Mucocyst (longitudinal section) from Colpidium. (C) The
pellicle of Nassulopsis elegans, showing mucocysts (raised
dots) just below the surface. 

(A) (B) (C)

Figure 5.19  Phylum Ciliophora. Feeding in the suctorian
ciliate Acineta. (A) Acineta has capitate feeding tentacles;
note the absence of cilia. (B–D) Schematic drawings of
enlarged feeding tentacles, showing the sequence of
events in prey capture and ingestion. (B) Contact with
prey and firing of haptocysts into prey. (C) Shortening of
tentacle and formation of a temporary feeding duct within
a ring of microtubules. (D) Drawing of contents of prey
into duct and formation of food vacuole.
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ly is acquired by humans, where it can cause intestinal
lesions. The rumen of ungulates contains whole commu-
nities of ciliates, including species that break down the
grasses eaten by the host, bactivorous species, and even
predators preying on the other ciliates. Members of the
order Chonotrichida are mostly ectosymbiotic on crus-
taceans (and occasionally on whales). Chonotrichs are
sessile, attaching to their hosts by a stalk produced from
a special adhesive organelle. Other ciliates are symbiotic
on a variety of hosts, including bivalve and cephalopod
molluscs, polychaete worms, and perhaps mites.

A few ciliates (e.g., Laboea, Strombidium) sequester
photosynthetically functional chloroplasts derived from
ingested algae. The chloroplasts lie free in the cyto-
plasm, beneath the pellicle, where they actively con-
tribute to the ciliate’s carbon budget. This unusual prac-
tice has also been documented in foraminiferans (see

Trench 1980). The cellular mechanisms by which the
prey chloroplasts are removed, sequestered, and cul-
tured are not known. During the summer, in some
areas, “photosynthetic ciliates” can comprise a majority
of the freshwater planktonic ciliate fauna. 

Reproduction
Ciliates have two types of nuclei in each cell. The larger
type—the macronucleus—controls the general opera-
tion of the cell. The macronucleus is usually hyperpoly-
ploid (containing many sets of chromosomes) and may
be compact, ribbon-like, beaded, or branched. The
smaller type—the micronucleus—has a reproductive
function, synthesizing the DNA associated with repro-
duction. It is usually diploid.

Asexual reproduction in ciliates is usually by binary
fission, although multiple fission and budding are also
known (Figure 5.21). Binary fission in ciliates is usually
transverse. The micronucleus is the reservoir of genetic
material in ciliates. As such, each micronucleus within
the cell (even when there are many) forms an internal
mitotic spindle during fission, thus distributing daugh-
ter micronuclei equally to the progeny of division.
Macronuclear division is highly variable, although the
nuclear envelope never breaks down. The large, some-
times multiple, macronuclei usually condense into a
single macronucleus which divides by constriction.
Some macronuclei have internal microtubules that ap-
pear to push daughter nuclei apart, but there is never a
clear, well organized spindle. Since many ciliates are
anatomically complex and frequently bear structures
that are not centrally or symmetrically placed on the
body (especially structures associated with the cy-
tostome), a significant amount of reconstruction must
occur following fission. Such re-formation of parts or
special ciliary fields does not take place haphazardly; 
it apparently is controlled, at least in part, by the macro-
nucleus.

Binary fission is typical of the colonial and solitary
peritrichs. In colonial species, the division is equal, with
both daughter cells remaining attached to the growing
colony, but in solitary species divisions may be unequal
and may involve a swimming phase. A type of unequal
division frequently referred to as budding occurs in a
variety of sessile ciliates, including chonotrichs and suc-
torians. In these cases the ciliated bud is released as a
so-called swarmer that swims about before adopting
the adult morphology and lifestyle. In some cases, sev-
eral buds are formed and released simultaneously.
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Figure 5.21  Phylum Ciliophora. Asexual reproduction in
ciliates. (A–D) Transverse binary fission in Paramecium; the
micronucleus divides mitotically, whereas the macronucle-
us simply splits. (E–G) Binary fission in Vorticella. (H)
Budding in the suctorian Ephelota gigantea. 



True multiple fission is known in a few groups of cil-
iates and typically follows the production of a cyst by
the prospective parent. Repeated divisions within the
cyst produce numerous offspring, which are eventually
released with breakdown of the cyst coating.

Sexual reproduction (or more precisely, genetic re-
combination) by ciliates is usually by conjugation, less
commonly by autogamy. Conjugation is perhaps most
easily understood by first describing it in Paramecium.
As with any sexual process, the biological “goal” of the
activity is genetic mixing or recombination, and it is ac-
complished during conjugation by an exchange of mi-
cronuclear material. The following account (Figure 5.22)
is of Paramecium caudatum—details vary in other species
of the genus.

As paramecia move about and encounter one anoth-
er, they recognize compatible “mates” (i.e., members of
another clone). After making contact at their anterior
ends, the “mates”—called conjugants—orient them-
selves side by side and attach to each other at their oral
areas. In each conjugant, the micronucleus undergoes
two divisions that are equivalent to meiosis and reduce
the chromosome number to the haploid condition.

Three of the daughter micronuclei in each conjugant
disintegrate and are incorporated into the cytoplasm;
the remaining haploid micronucleus in each cell divides
once more by mitosis. The products of this postmeiotic
micronuclear division are called gametic nuclei. One
gametic nucleus in each conjugant remains in its “par-
ent” conjugant while the other is transferred to the other
conjugant via a cytoplasmic connection formed at the
point of joining. Thus, each conjugant sends a haploid
micronucleus to the other, thereby accomplishing the
exchange of genetic material. Each migratory gametic
nucleus then fuses with the stationary micronucleus of
the recipient, producing a diploid nucleus, or synkary-
on, in each conjugant. This process is analogous to mu-
tual cross-fertilization in metazoan invertebrates.

Following nuclear exchange, the cells separate from
each other and are now called exconjugants. The
process is far from complete, however, for the new ge-
netic combination must be incorporated into the
macronucleus if it is to influence the organism’s pheno-
type. This is accomplished as follows. The macronucle-
us of each exconjugant has disintegrated during the
meiotic and exchange processes. The newly formed
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1.  Two conjugants unite
     at oral areas. 2.  Macronuclei begin to

     disintegrate; micronuclei 
     divide twice (meiosis).

3.  Three (of four) micronuclei
     disintegrate in each conjugant.
   

4.  Remaining micronuclei
     divide unequally to produce
     two “gamete nuclei”, the
     smaller of which is exchanged 
     between conjugants.
   

5.  Mirconuclei fuse within each
     conjugant to form a synkaryon.
   

6.  Synkaryon divides three 
     times by mitosis.
   Ciliates separate

(only one is shown
in remaining drawings).

7.  Four micronuclei become
     macronuclei; three of the
     others disintegrate and one
     remains as the new micronucleus.
   

8.  Micronucleus and cell
     divide to produce four individuals,
     each receiving one micronucleus.
  

Two binary divisions

Figure 5.22  Phylum Ciliophora.
Conjugation in Paramecium.



diploid synkaryon divides mitotically three times, pro-
ducing eight small nuclei (all, remember, containing the
combined genetic information from the two original
conjugants). Four of the eight nuclei then enlarge to be-
come macronuclei. Three of the remaining four small
nuclei break down and are absorbed into the cytoplasm.
Then the single remaining micronucleus divides twice
mitotically as the entire organism undergoes two binary
fissions to produce four daughter cells, each of which
receives one of the four macronuclei and one micronu-
cleus. Thus, the ultimate product of conjugation and the
subsequent fissions is four new diploid daughter organ-
isms from each original conjugant.

Variations on the sequence of events described above
for Paramecium include differences in the number of di-
visions, which seem to be determined in part by the nor-
mal number of micronuclei present in the cell. Even
when two or more micronuclei are present, they typical-
ly all undergo meiotic divisions. All but one disinte-
grate, however, and the remaining micronucleus di-
vides again to produce the stationary and migratory
gametic nuclei.

In most ciliates the members of the conjugating pair
are indistinguishable from each other in terms of size,
shape, and other morphological details. However, some
species, especially in the Peritrichida, display distinct
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Figure 5.23  Phylum Ciliophora. Sexual processes in cili-
ates. (A,B) Ephelota gemmipara (a suctorian); two mating
partners of unequal sizes are attached to each other, appar-
ently following chemical recognition. Both have undergone
nuclear meiosis. The smaller mate detaches from its stalk
and is absorbed by the larger one, then the gametic nuclei
fuse. Subsequent nuclear divisions produce the multimi-
cronuclear and macronuclear components of the normal
individual. (C,D) Unequal divisions of Vorticella campanula
results in macro- and microconjugants; conjugation follows.
(E) Schematic diagrams of sexual activities in certain per-
itrichs. Unequal divisions result in macro- and microga-
monts; the latter detach from their stalks and become free-
swimming organisms; eventually the free-swimming
microgamont attaches itself to a sessile macrogamont
(1–2). The macronuclei begin to disintegrate (2) and ulti-
mately disappear (9). The micronucleus of the macroga-
mont divides twice (2–3) and the micronucleus of the
microgamont divides three times (2–3). All but one of the
micronuclei in each gamont disintegrate, and the remain-
ing micronucleus of the microgamont moves to fuse with
the micronucleus of the macrogamont (4–5). As the zygot-
ic nucleus (synkaryon) begins to divide, the microgamont is
absorbed into the cytoplasm of the macrogamont. The
synkaryon divides three times (6–8); one of the daughter
nuclei becomes the micronucleus and the others eventually
form the new macronucleus (9). It should be noted that
the sequence of nuclear activities and numbers of divisions
vary among different peritrichs.

(A) (B)

(C) (D)

(E)
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and predictable differences between the two conjugants,
particularly in size. In such cases, we refer to the mem-
bers of the mating pair as the microconjugant and the
macroconjugant (Figure 5.23). The formation of the mi-
croconjugant generally involves one or a series of un-
equal divisions, which may occur in a variety of ways.
The critical difference between conjugation of similar
mates and that of dissimilar mates is that in the latter
case, there is often a one-way transfer of genetic material.
The microconjugant alone contributes a haploid mi-
cronucleus to the macroconjugant; thus only the larger in-
dividual is “fertilized.” Following this activity, the entire
microconjugant usually is absorbed into the cytoplasm of
the macroconjugant (Figure 5.23E). A similar process oc-
curs in most chonotrichs. One conjugant appears to be
swallowed into the cytostome of another, after which nu-
clear fusion and reorganization take place. There are sev-
eral other modifications on this complex sexual process in
ciliates, but all have the same fundamental result of intro-
ducing genetic variation into the populations.

One other aspect of conjugation that deserves men-
tion is that of mating types. Individuals of the same ge-
netic mating type (e.g., members of a clone produced by
binary fission) cannot successfully conjugate with one
another. In other words, conjugation is not a random
event but can occur only between members of different
mating types, or clones. This restriction presumably en-
sures good genetic mixing among individuals.

The second basic sexual process in ciliates is auto-
gamy. Among ciliates in which it occurs (e.g., certain
species of Euplotes and Paramecium), the nuclear phe-
nomena are similar if not identical to those occurring in
conjugation. However, only a single individual is in-
volved. When the point is reached at which the cell con-
tains two haploid micronuclei, these two nuclei
fuse with one another, rather than one being
transferred to a mate. Autogamy is known in rela-
tively few ciliates, although it may actually be

much more common than demonstrated thus far. Its sig-
nificance in terms of genetic variation is not clear.

Phylum Apicomplexa 
(The Gregarines, Coccidians,
Heamosporidians, and Piroplasms)
The phylum Apicomplexa includes about 5,000 species
that are all parasitic and characterized by the presence of
a unique combination of organelles at the anterior end of
the cell called the apical complex (Figure 5.24A) (Box
5F). The apical complex apparently attaches the parasite
to a host cell and releases a substance that causes the host
cell membrane to invaginate and draw the parasite into
its cytoplasm in a vacuole. The anterior end is frequently
equipped with hooks or suckers for attachment to the
host’s epithelia (Figure 5.24B). Gregarines occupy the
guts and body cavities of several kinds of invertebrates,
including annelids, sipunculans, tunicates, and arthro-
pods. The genus Gregarina itself has nearly a thousand
described species, mostly from insects. The coccidians
are parasites of several groups of animals, mostly verte-
brates. They typically reside within the epithelial cells of
their host’s gut, at least during some stages, and many
are pathogenic. Some coccidians pass their entire life
cycle within a single host; many others require an inter-
mediate host that serves as a vector. Coccidians are re-
sponsible for a variety of diseases, including coccidiosis
in rabbits, cats, and birds, and toxoplasmosis and malar-
ia in people. Piroplasms and haemosporidians are both
parasites of vertebrates. The piroplasms are transmitted
by ticks and are responsible for some serious diseases of
domestic animals, including red-water fever in cattle.
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Protomerite

Deutomerite

(C)

Figure 5.24  Phylum Apicomplexa. (A) Microstructure of
the apical complex. (B,C) The body of a gregarine is com-
monly divided into three recognizable regions. 
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Haemosporidians are blood parasites of vertebrates that
are transmitted by flies and include the organisms which
cause malaria and malaria-like ailments in humans and
birds. 

Many species of apicomplexan protists are responsi-
ble for serious diseases in domestic animals and hu-
mans. Malaria, which affects people in 102 countries, is
caused by several species of the genus Plasmodium (Box
5G). Although malaria was greatly reduced worldwide
during the 1960s, it is making an alarming comeback,
and it is one of the most prevalent and severe health
problems in the developing world. Nearly 500  million
people are stricken annually with malaria, 90 percent of
them in Africa. Malaria kills one to three million people
annually, half of them children. The development of a
vaccine continues to elude researchers. One of the prin-
cipal causes of this resurgence is the dramatic rise in the
numbers of pesticide-resistant (particularly DDT-resis-
tant) strains of Anopheles mosquitoes, the insect vector
for Plasmodium. (DDT was banned in the UnitedStates
in 1972, but it is still used in many countries.) By 1968,
38 strains or species of Anopheles in India alone had been

identified as largely pesticide-resistant; and between
1965 to 1975 the incidence of malaria in Central America
tripled. In many parts of the world, Plasmodium falci-
parum—the most deadly species—is now resistant to
chloroquine, once a mainstay of malarial drug therapy.
Researchers have recently discovered that Plasmodium
species, like Trypanosoma, have the ability to avoid de-
tection by the human immune system by switching
among as many as 150 genes that code for different ver-
sions of the protein that coats the surface of their cells (it
is this protein coat that the human immune system re-
lies on as a recognition factor). Furthermore, because the
parasite sequesters itself inside red blood cells, it is
largely protected from most drugs. Recent evidence also
suggests that the parasite may affect its mosquito host
by inducing it to bite more frequently than uninfected
mosquitoes. Other malaria-like genera (e.g.,
Haemoproteus, Leucocytozoon) are parasites of birds and
reptiles but have life cycles similar to Plasmodium and
also utilize mosquitoes as vectors.

Several other apicomplexan genera are worth men-
tioning. The coccidian genus Eimeria causes a disease
known as cecal coccidiosis in chickens. In 1999, this dis-
ease was estimated by the USDA to cost American poul-
try farmers $600 million dollars a year in lost animals,
medication, and additional labor. Toxoplasma gondii, an-
other coccidian, is found worldwide and is known to
parasitize many animals, including pigs, rodents, pri-
mates, birds, cats, and humans. In humans, Toxoplasma
usually produces no symptoms, or only mild symp-
toms, but it and another genus, Cryptosporidia, has been
increasingly problematic in AIDS patients and other im-
munosuppressed people. Transmission of Toxoplasma
parasites is thought to be via raw or undercooked meat
(beef, pork, lamb), through fecal contamination from a
pet cat, or by way of flies and cockroaches (which can
carry the T. gondii cysts from a cat’s litter box to the
table). In 1982 Martina Navratilova lost the U.S. Open
Tennis Championship (and a half-million dollars) when
she had toxoplasmosis. 

Support and Locomotion
The fixed shape of apicomplexans is maintained by a
pellicle composed of chambers, or alveoli, which lie just
beneath the plasma membrane. Microtubules originate
at the apical complex and run beneath the alveoli, pro-
viding additional support. Apicomplexa do not have
cilia, flagella or pseudopodia. Nevertheless, they can be
observed gliding and flexing. What causes these move-
ments is not well understood, but microtubules and mi-
crofilaments underneath the alveoli may play a role.

Nutrition
The alveoli are interrupted at both the anterior and pos-
terior ends, and at tiny invaginations of the cell mem-
brane called microspores, which have been implicated
in feeding. Nutrient ingestion is thought to occur pri-
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BOX 5F Characteristics of the
Phylum Apicomplexa

1. Shape of cell maintained by pellicle consisting of
alveolar vesicles beneath plasma membrane

2. Locomotion characterized as gliding, but precise
mechanism of movement not well understood.
Cilia absent, but some species produce flagellated
or ameboid gametes

3. Mitochondria with vesicular cristae

4. With single vesicular nucleus

5. Nuclear division occurs by semi-open pleuromito-
sis in all except gregarines, which show much
diversity in their mitoses: mitotic spindle organiz-
ers are either disks, plugs, or electron-dense cres-
cents on nuclear envelope in the location of fenes-
trae. In coccidians, centrioles are associated with
spindle organizers; in haemosporidians and piro-
plasms, centrioles absent

6. Asexual reproduction by binary fission, multiple
fission, or endopolygeny

7. Sexual reproduction is gametic; gametes either
isogametous or anisogametous. Meiosis involves
single division after formation of zygote

8. Without plastids

9. Carbohydrates stored as paraglycogen (= amy-
lopectin) 

10. With unique system of organelles, the apical com-
plex, in anterior region of cell
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marily by pinocytosis or phagocytosis at the mi-
crospores. In the haemosporidians, ingestion of the
host’s cytoplasm through the microspores has been ob-
served. Absorption of nutrients has also been reported
in some gregarines at the point where the parasite at-
taches to the host’s cell.

Reproduction and Life Cycles
Asexual reproduction in Apicomplexa is by binary fis-
sion, multiple fission, or endopolygeny. Mitosis is a
semi-open pleuromitosis in all apicomplexans except
for some gregarines. Gregarines undergo a variety of
mitoses, depending on the species. For example, Dia-
plauxis hatti and Lecudina tuzetae undergo semi-open or-
thomitosis, Monocystis sp. and Stylocephalus sp. undergo
open orthomitosis, and Didymophyes gigantea undergoes
closed intranuclear orthomitosis. Sexual reproduction
occurs by a union of haploid gametes, which can be the
same size (isogametous) or different sizes (anisogame-
tous), and may be flagellated or form pseudopodia.

The life cycle varies somewhat between the different
groups of apicomplexan protists, but can be divided
into three general stages: (1) gamontogony (the sexual
phase), (2) sporogony (the spore-forming stage), and (3)
the growth phase. A great deal has been written about
the life cycles of these protists and a full description is
beyond the scope of this text. The life cycles of the gre-
garine Stylocephalus and the haemosporidan Plasmodium
are given as examples to illustrate the basic themes and
variations in apicomplexan reproduction.

The life cycle of gregarines is usually monoxenous—
it involves only one host. Some of the best-studied gre-
garines are those found in coleopterans (beetles), and
the life cycles of these forms are well understood (the
life cycle of Stylocephalus longicollis is diagrammed in

Figure 5.25). Sexual reproduction in gregarines usually
involves the enclosure of a mating pair of gamonts, the
mature trophozoites destined to produce gametes, with-
in a cyst or capsule. This encapsulation is known as
syzygy. Each gamont undergoes multiple fission to pro-
duce many gametes. Both isogamy and anisogamy are
known among different gregarines. Each zygote that is
formed by the fusion of two gametes becomes a spore,
which divides to produce as many as eight sporozoites.
Each sporozoite enters a period of growth, to mature as
a trophozoite, which eventually becomes a sexual ga-
mont, completing the cycle.

The life cycle of haemosporidians is heteroxenous, in-
volving two hosts, usually a vertebrate and an inverte-
brate. In Plasmodium, the vertebrate host is commonly
humans, and the invertebrate host is the Anopheles mos-
quito (Figure 5.26). When a human is bitten by a female
Anopheles mosquito, sporozoites, which reside in the
salivary glands of the mosquito, are released into the
bloodstream where they migrate to the liver and enter
the hepatocytes. Once in the liver cells, the sporozoites
undergo multiple fission (schizogony) until the liver cell
ruptures, releasing forms called merozoites which enter
red blood cells (erythrocytes) and transform into
trophozoites. In erythrocytes, the trophozoites either
transform into gamonts or undergo schizogony, form-
ing more merozoites. If the latter occurs, the cell eventu-
ally bursts, releasing merozoites that subsequently in-
fect other red blood cells. The rapid destruction of red
blood cells and the release of metabolic by-products are
responsible for the characteristic chills, fever, and ane-
mia that are common symptoms of malaria. If the
trophozoite becomes a gamont, it will be morphologi-
cally distinguishable as either a macrogamont or a mi-
crogamont. The life cycle of gamonts does not proceed
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BOX 5G Malaria

Human malaria has been known since antiquity, and de-
scriptions of the disease are found in Egyptian papyruses
and temple hieroglyphs (outbreaks followed the annual
flooding of the Nile). The relationship between the disease
and “swamp land” led to the belief that it could be con-
tracted by breathing “bad air” (mal aria). It is likely that
malaria was brought to the New World by the conquering
Spaniards and their African slaves. By the time the Panama
Canal was built, malaria (and yellow fever) were well estab-
lished in the Neotropics. The presence of these diseases
was the principal reason the French failed in their attempt
to construct the canal. William Gorgas, the medical officer
in charge during the U.S. phase of the canal’s construction,
became a hero when his mosquito-control efforts allowed
for its successful completion by U.S. engineers. The presi-
dent made Gorgas Surgeon General, Oxford University
gave him an honorary doctorate, and the King of England
knighted him.

Among the many symptoms of malaria are cyclical
paroxysms, wherein the patient feels intensely cold as the
hypothalamus (the body’s thermostat) is activated; body
temperature then rises rapidly to 104–106°F. The victim
suffers intense shivering. Nausea and vomiting are usual.
Copious perspiration signals the end of the hot stage, and
the temperature drops back to normal within 2 or 3 hours;
the entire paroxysm is over within 8 to 12 hours. It is
thought that these episodes are stimulated by the appear-
ance of the waste products of parasites feeding on erythro-
cytes, which are released when the blood cells lyse.
Secondary symptoms include anemia due to the red blood
cell destruction. In extreme cases of falciparum malaria,
massive lysis of erythrocytes results in high levels of free he-
moglobin and various break-down products that circulate
in the blood and urine, resulting in a darkening of these flu-
ids, hence the condition called blackwater fever.



any further unless they are taken in by a mosquito dur-
ing its blood meal. Once in the gut of the mosquito, the
macrogamont becomes a spherical macrogamete, while
the microgamont undergoes three nuclear divisions and
develops eight projections (microgametes), which each
receive a nucleus. The microgametes break away and
each fertilizes a single macrogamete to form a diploid
zygote called an ookinete. The ookinete then actively
burrows through the mosquito’s stomach and secretes a
covering around itself on the outside of the stomach,
forming an oocyst. Inside the oocyst, the zygote under-
goes a meiotic reduction division followed by schizo-
gony to form sporozoites that are released from the
oocyst into the gut, to migrate to the salivary gland
where they remain until the next time the insect feeds.

Phylum Dinoflagellata
There are approximately 4,000 described species of di-
noflagellates, many of which are known only as fossils.
Although unquestionable fossil dinoflagellates date
back to the Triassic (240 million years ago), evidence
from organic remains in Early Cambrian rocks suggest
that they were abundant as early as 540 million years
ago. These protists are common in all aquatic environ-
ments, but about 90 percent of the described species are
planktonic in the world’s seas. Approximately half of
the living species of dinoflagellates are photosynthetic,
and these are important primary producers in many
aquatic environments. They can be quite beautiful and
many are capable of bioluminescence (e.g., Gonyaulax)
using a luciferin–luciferase system. Although most are
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Figure 5.25  Phylum Apicomplexa. Life cycle of the gre-
garine Stylocephalus longicollis, a gut parasite of the
coleopteran Blaps mortisaga. Stages 1–4 take place within
the host, 5–15 outside the host. The spores (15) are
ingested by the beetle and release sporozoites within the
gut lumen. Each sporozoite grows into a gamont (2); the
gamonts subsequently mate (3–4), becoming enclosed

within a mating cyst, which leaves the host with the feces.
Repeated mitotic divisions within the cyst produce
anisogametes (5–7); these ultimately fuse (8) to produce a
zygote (9), which eventually becomes a spore. The first
divisions of the spore cell are meiotic (10), so all subse-
quent stages leading back to gamete fusion are haploid. 
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unicellular, some form filamentous, multicellular
colonies. Dinoflagellates have two flagella, postioned
such that they whirl or spin as they swim (Figures 5.1A,
H and 5.27), the attribute for which they are named
(Greek dinos, “whirling, turning”) (Box 5H).

Endosymbiotic marine dinoflagellates that occur as
coccoid cells when inside their invertebrate or protist
hosts, but produce motile cells periodically, are called
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Figure 5.26  Phylum Apicomplexa. Life cycle of
Plasmodium, the causative agent of malaria in humans.
When a female anopheline mosquito takes a blood meal,
she releases sporozoites into the victim’s bloodstream (1).
These sporozoites enter the host’s liver cells and undergo
multiple fission, producing many merozoites (2); each
sporozoite may produce as many as 20,000 merozoites in
a single liver cell. The infected liver cells rupture, releasing
the merozoites into the blood where
they invade red blood cells (3).
Through continued multiple fission,
more merozoites are produced. The
red blood cells eventually burst,
releasing merozoites, which enter
other red blood cells. Some mero-
zoites differentiate to become game-
tocytes (4), which are picked up by
mosquitoes. The female gametocyte
forms a single macrogamete; the
male gametocyte typically undergoes
multiple fission to produce several
motile, flagellated microgametes
within the gut of the mosquito (5).
After fertilization occurs, the zygote
migrates to the mosquito’s salivary
glands and divides to form numerous
sporozoites, thereby completing the
life cycle. 

BOX 5H
1. Shape of cell maintained by pellicle consisting of

alveolar vesicles beneath plasma membrane; alveoli
may be filled with cellulose

2. With two flagella for locomotion: One is transverse
and has single row of hairs, the other is longitudinal
and has two rows of hairs; both are supported by a
paraxonemal rod. Flagella oriented in longitudinal
groove and equatorial groove (a diagnostic feature
of this group)

3. Mitochondria with tubular cristae

4. Nuclei contain permanently condensed chromo-
somes; no histone proteins associated with DNA

5. Nuclear division occurs by closed extranuclear pleu-
romitosis without centrioles. No obvious organizing
center for mitotic spindle

6. Asexual reproduction by binary fission along the lon-
gitudinal plane (symmetrogenic)

7. Sexual reproduction occurs in some. Meiosis involves
two divisions, one just after nuclei from pair of
gametes fuse and one after cell undergoes period of
dormancy

8. Photosynthetic forms have chlorophylls a and c2,
thylakoids in stacks of three, and three surrounding
membranes. Outer membrane not continuous with
nuclear membrane. Accessory pigments often give
cells brownish color

9. Food reserves stored as starch and oils

10. With unique system of pusules for osmoregulation,
excretion, or buoyancy regulation 

Characteristics of the Phylum Dinoflagellata
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zooxanthellae. They belong to the poorly un-
derstood but vastly important genera Zoo-
chlorella (symbionts of various freshwater organisms),
Zooxanthella (symbionts of radiolarians), and Symbio-
dinium (symbionts of cnidarians and some other meta-
zoans). Species of Symbiodinium are best known as criti-
cally important mutualistic symbionts of hermatypic
corals (see Chapter 8). There are several species of
Symbiodinium in corals. All are photosynthetic and pro-
vide nutrients to the corals and help create the internal
chemical environment necessary for the coral to secrete
its calcium carbonate skeleton. Zooxanthellae also occur
in many cnidarians other than scleractinian corals, such
as milleporinids, chondrophorans, sea anemones, and
various medusae (Chapter 8).

Some planktonic dinoflagellates occasionally under-
go periodic bursts of population growth and are respon-
sible for a phenomenon known as red tide.* Red tides
have nothing to do with actual tides, and they are only
rarely red. A red tide is simply a streak or patch of ocean
water discolored (generally a pinkish orange) by the

presence of billions of dinoflagellates. During a red tide,
densities of these dinoflagellates may be as high as 10 to
100 million cells per liter of sea water. Exactly why the
population explosions of these specific organisms occur
is not entirely clear, but organic pollutants from terres-
trial runoff may be a key culprit.

Many red tide organisms manufacture highly toxic
substances. One group of toxins produced by dinofla-
gellate species such as Alexandrium spp., Gymnodinium
catenatum, and Pyrodinium bahamense is called saxitox-
ins. Saxitoxins block the sodium–potassium pump of
nerve cells and prevent normal impulse transmission.
When suspension feeders such as mussels and clams eat
these protists, they store the toxins in their bodies.
Extremely high concentrations of toxic dinoflagellates
will even kill suspension feeders and occasionally also
fish caught in the thick of the bloom. The shellfish feed-
ing on the dinoflagellates become toxic to animals that
eat them. In humans, the result is a disease known as
paralytic shellfish poisoning (PSP). Extreme cases of
PSP result in muscular paralysis and respiratory failure.
Over 300 human deaths worldwide have been docu-

Paraxonemal
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Cellulose plates

Girdle

Transverse
flagellum

Sulcus

Longitudinal
flagellum
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Figure 5.27  Phylum Dinoflagellata. (A) The
common dinoflagellate Ceratium, which has a
cellulose test. (B) Gonyaulax tamerensis. 
(C) Peridineum (upper left) and Ceratium. 

(B)

(A)

(C)

*Some red tides are also caused by diatoms (Stramenopila).



mented from PSP, and this number is growing as red
tides become increasingly frequent around the world
(presumably linked to anthropogenic disturbances of
the coastal environment).

Gymnodinium breve releases a family of toxins called
brevetoxins that result in neurotoxic shellfish poisoning
(NSP). Humans consuming animals that have this toxin
accumulated in their tissues experience uncomfortable
gastrointestinal side effects such as diarrhea, vomiting,
and abdominal pain, and also neurological problems,
including dizziness and reversal of temperature sensa-
tion. Though temporarily incapacitating, no human
deaths have been reported from NSP. Ocean spray con-
taining G. breve toxins can blow ashore and cause tem-
porary health problems for seaside residents and visi-
tors (skin, eye, and throat problems). G. breve is
responsible for producing devastating red tides that
have produced massive fish kills in Florida and along
the Gulf of Mexico.

In recent years, a newly discovered species of di-
noflagellate called Pfiesteria piscicida has been creating
havoc in the coastal areas of the eastern United Sates,
from Delaware to North Carolina. It was particularly
problematic during the summer of 1997, when it caused
massive fish kills on the eastern shore of Maryland and
prompted the closure of several waterways for weeks at
a time. Pfiesteria piscicida is known to have a complex life
cycle that includes at least 24 forms, only a few of which
are toxic. Normally it exists in a benign state and can
even photosynthesize if it eats another organism with
chloroplasts. However, with the proper stimulation,
which is believed to be fish oils or excrement in the
water, P. piscicida becomes a voracious predator. It first
produces a toxin that causes the fish to become lethargic
and then releases other toxins that cause sores to open
on the fish’s body, exposing the tissues on which it
feeds. The toxins of P. piscicida have been reported to af-
fect humans but have caused no known deaths.
Dinoflagellate toxins are among the strongest known
poisons. In crystalline form, an aspirin-sized tablet of
saxitoxin from G. catenella would be strong enough to
kill 35 persons. The toxin of Pfiesteria is 1,000 times more
powerful than cyanide.*

Support and Locomotion
The shape of dinoflagellates is maintained by alveoli be-
neath the cell’s surface, and a layer of supporting micro-
tubules. In some, the alveoli are filled with polysaccha-
rides, typically cellulose, and these dinoflagellates are

said to be thecate, or armored (e.g., Protoperidinium).
Dinoflagellates that have empty alveoli are said to be
athecate, or naked (e.g., Noctiluca). The part of the theca
above the girdle is called the epitheca in armored
species and epicone in naked species; the part below the
girdle is the hypotheca in armored species and the
hypocone in naked species.

Dinoflagellates possess two flagella that enable their
locomotion. A transverse flagellum with a row of slen-
der hairs wraps around the cell in a groove, or girdle
(Figure 5.27). When it beats, this flagellum spins the cell
around, effectively pushing it through the water like a
screw. The second, longitudinal flagellum has two rows
of hairs and also lies in a grove on the cell’s surface,
called the sulcus. It extends posteriorly behind the cell
and its beat adds to the forward propulsion of the cell.
Both flagella are supported by a paraxonemal rod simi-
lar to that found in the kinetoplastids and euglenids.

Osmoregulation
Most freshwater and some marine dinoflagellates have
a unique system of double-membrane–bound tubules
called pusules, which open to the outside via a canal.
The two membranes of the pusules distinguish them
from water expulsion vesicles, but apparently these
membranes have a similar function—osmoregulation.

Nutrition
Dinoflagellates exhibit wide variation in feeding habits;
many are both autotrophic and heterotrophic. Approx-
imately half of the living species are photosynthetic, but
even most of these are heterotrophic to some extent, and
some dinoflagellates with functional chloroplasts can
switch entirely to heterotrophy in the absence of suffi-
cient light. 

The chloroplasts are surrounded by three mem-
branes, and thylakoids are arranged in stacks of three
(Figure 5.2). Some contain eye spots (stigmata) that can
be very simple pigment spots or more complex or-
ganelles with lens-like structures that apparently focus
the light. Photosynthetic pigments include chlorophylls
a and c2, phycobilins, carotenoids (e.g., β-carotene), and
also the xanthophylls (e.g., peridinin, found only in di-
noflagellates), neoperidinin, dinoxanthin, and neodi-
noxanthin. These xanthophylls mask the chlorophyll
pigments and account for the golden or brown color
that is commonly seen in dinoflagellates.

Some dinoflagellates always lack chloroplasts and
are obligate heterotrophs. Most of these are free living,
but some parasitic species are known. The feeding
mechanisms of heterotrophic dinoflagellates are quite
diverse. Both free-living and endoparasitic dinoflagel-
lates that live in environments rich in dissolved organic
compounds take in dissolved organic nutrients by
saprotrophy. Other dinoflagellates ingest food particles
by phagocytosis. Many, in fact, are voracious predators
that ingest other protists and microinvertebrates or use

*Outbreaks of Pfiesteria are thought to be linked to large-scale hog
farming in North Carolina, which is second only to Iowa in hog
production. The industry dumps hundreds of millions of gallons
of untreated hog feces and urine into earthen lagoons along the
coast that often leak or collapse. In 1995, 25 million gallons of liq-
uid swine manure (more than twice the size of the Exxon Valdez
oil spill) flowed into the New River when a lagoon was breached.
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specialized appendages to pierce prey and suck out
their cytoplasmic contents. 

A few dinoflagellates (e.g., Kofoidinium and Noctiluca)
have a permanent cell mouth or cytostome supported by
sheets of microtubules. The cytostome is often surround-
ed by extrusomes. There are three types: trichocysts,
mucocysts, and nematocysts. The most common are tri-
chocysts (similar to those found in ciliates), believed to
be fired in defense or to capture and bind prey. Sac-like
mucocysts secrete sticky mucous material onto the sur-
face of the cell. This may aid in attachment to substrata
(e.g., Amphidinium) or may help to capture prey (e.g.,
Noctiluca). Other dinoflagellates (e.g., Nematodinium,
Nematopsides, Polykrikos) have nematocysts that resem-
ble, but are not homologous to, the stinging organelles of
cnidarians of the same name.

Reproduction
The nuclei of dinoflagellates have three unusual fea-
tures: (1) they contain five to ten times the amount of
DNA that is found in most eukaryotic cells; (2) the five
histone proteins that are typically associated with the
DNA of other eukaryotic cells are absent; and (3) the
chromosomes of dinoflagellates remain condensed and
the nucleolus remains intact during interphase and mi-
tosis. Most dinoflagellates (except Noctiluca) spend

much of their lives as haploid cells (called vegetative
cells to distinguish them from haploid gametes). 

Nuclear division is by closed extranuclear pleuromi-
tosis. No centrioles are present, and the organizing cen-
ter for the mitotic spindle is not obvious. Asexual re-
production occurs by oblique, longitudinal fission,
beginning at the posterior end of the cell. The thecate
forms may divide the thecal plates between the two
daughter cells (e.g., Ceratium), or they may shed the the-
cal plates prior to cell division (Figure 5.28A). In the for-
mer case, each daughter cell synthesizes the missing
plates; in the latter case, each daughter cell synthesizes
all of the thecal plates.

Sexual reproduction begins when the haploid vegeta-
tive cells divide by mitosis to produce two flagellated
daughter cells, which act as gametes. When a pair of ga-
metes fuses to form a zygote, a fertilization tube develops
beneath the basal bodies of its flagella. The nucleus from
each gamete enters the tube where they fuse. The first
meiotic division follows shortly after nuclear fusion.
Over the next few weeks, the zygote grows in size and
then enters a resting stage, or cyst. The cyst develops a re-
sistant outer wall and remains dormant for an indefinite
period of time. Eventually the second meiotic division oc-
curs, all but one of the nuclei disintegrate, and a haploid
vegetative cell emerges from the cyst (Figure 5.28B).
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Fusion of gametes
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gamete formation
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Figure 5.28  Phylum Dinoflagellata. Asexual and
sexual reproduction in dinoflagellates. (A) Oblique
binary fission in the dinoflagellate Ceratium, show-
ing disposition of the thecal planes among the
daughter cells; each daughter cell produces a
replacement for the missing portion of the test. 
(B) Life cycle and sexual reproduction in the
dinoflagellate Peridinium volzii.
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Phylum Stramenopila
The stramenopiles consist of some 9,000 species includ-
ing diatoms, brown and golden algae (the Chryso-
phytes), some heterotrophic flagellates, labyrinthulids
(slime nets), and Oomycetes and Hyphochytridio-
mycetes (formerly classified as fungi) (Figures 5.1I and
5.29) (Box 5I). The photosynthetic members are usually
called “chromophytes” by botanists, who rarely study
the heterotrophic members of the group. A few stra-
menopiles, such as some of the brown seaweeds and
kelps, form complex, rigid colonies and may reach ex-
tremely large sizes. The diversity of form in this group
is staggering, and at first glance it may be difficult to
imagine diatoms and kelp being closely related.
However, their relatedness seems certain on the basis of
several synapomorphies, including the fact that almost
all have unique, complex, three-part tubular hairs on the
flagella at some stage in the life cycle. The name

Stramenopiles (Latin stamen, “straw,”; pilus, “hair”)
refers to the appearance of these hairs (Figure 5.30).

Stramenopiles are found in a variety of habitats.
Freshwater and marine plankton are rich in diatoms
and chrysophytes, and they can also occur in moist
soils, sea ice, snow, and glaciers. They have even been
found living in clouds in the atmosphere! Heterotrophic
free-living stramenopiles are also found in marine, estu-
arine, and freshwater habitats. A few are symbiotic on
algae in marine or estuarine environments. Many pro-
duce calcite or silicon scales, shells, cysts, or tests, which
are preserved in the fossil record. The oldest of these
fossils are from the Cambrian/Precambrian boundary,
about 550 million years ago. Diatoms are key compo-
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Figure 5.29  Phylum Stramenopila. A diversity of stramenopiles. (A)
Synura, a colonial golden alga. (B) A kelp bed in California waters
(Macrocystis). (C) Centric and pennate diatoms. 
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Figure 5.30  Phylum Stramenopila. Generalized anatomy
(Ochromonas). Note the tripartite hairs on the flagellum. 
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nents of marine ecosystems and extremely important
for the biogeochemical cycling of silica and as contribu-
tors to global fixed carbon.

Photosynthetic stramenopiles are the essential base
of many food webs, responsible for about 50 percent of
the primary production in the oceans and a large per-
centage of total global primary production. Brown sea-
weeds form an integral base to many coastal food webs,
especially on temperate coasts. Algin, extracted from
certain brown algae (kelp), is used as an emulsifier in
everything from paint to baby food to cosmetics.
Benthic deposits of the siliceous shells of dead marine
diatoms can, over geologic time, result in massive up-
lifted land formations that are mined as diatomaceous
earth. This material has many industrial uses (e.g., in
paint as a spreader; as filtration material in food produc-
tion and water purification). Silicon deposits produced
by diatoms and other stramenopiles are also used in ge-
ology and limnology as markers of different strati-
graphic layers of the Earth. None of the stramenopiles
are serious parasites or agents of disease. Because some
secrete fishy-smelling aldehydes, they may become a
nuisance when they occur in great quantities, but stra-
menopiles only rarely cause fish kills or foul drinking
water.

Support and Locomotion
Stramenopile support structures are highly varied.
Their cells are covered with a cell membrane, and be-
cause they may also possess shells, tests, and other sup-
port structures, they have many different shapes and
appearances. Like all protists, they lack chitin in the cell
wall (further distinguishing them from fungi). Some
chrysophytes produce small discs of calcite, protein, or
even silicon in their cells. These are then packaged in en-
doplasmic reticulum vesicles and secreted onto the sur-
face of the cell to form a layer of distinctive scales. Some
of these can be quite elaborate and beautiful (Figure
5.31C,D). The calcite scales, called coccoliths, may accu-
mulate in marine sediments in large numbers and even-
tually form huge chalk beds, such as can be seen in
England’s famous White Cliffs of Dover. Another
group, called silicoflagellates, has a distinctive internal
skeleton of tubular pieces of silicon associated with a
central nucleus, and a complex lobed body that contains
many chloroplasts.

Diatoms also secrete silicon in the form of an internal
test, or frustule, which consists of two parts, called
valves. Beneath the test is the cell membrane, enclosing
the nucleus, chloroplasts, and the rest of the cytoplasm.
There are two different forms: centric diatoms have ra-
dially symmetrical frustules, and since one valve is
slightly larger than the other, they resemble a petri dish
(Figure 5.31A); pennate diatoms are bilaterally symmet-
rical and often have longitudinal grooves on the valves
(Figure 5.31B). 

Stramenopiles exhibit heterokont flagellation. That
is, they possess two flagella, one directed anteriorly, the
other usually extended posteriorly. The anteriorly di-
rected flagellum has a bilateral array of tripartite, tubu-
lar hairs, while the posterior is either smooth or has a
row of fine, filamentous hairs (Figure 5.30). The tripar-
tite, tubular hairs are stiff and reverse the direction of
the thrust of the flagellum so that, even though the fla-
gellum is beating in front of the cell, the cell is still
drawn forward.

Labyrinthulids are commonly called “slime nets,”
and because of their unique lifestyle and locomotion, in
the past they have been classified as a separate phylum.
When it was discovered that they can produce cells with
two heterokont flagella, they were reclassified as
Stramenopiles. The nonflagellated stage of the
labyrinthulid’s life cycle forms complex colonies of
spindle-shaped cells that glide rapidly along a mem-
brane-bound ectoplasmic network. This network con-
tains a calcium-dependent contractile system of actin-
like proteins that is responsible for shuttling the cells
through the net.

Nutrition
As you have no doubt already guessed, stramenopiles
exhibit a wide variety of feeding habits. Some are photo-
synthetic, others are ingesting heterotrophs, and still
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BOX 5I Characteristics of the
Phylum Stramenopila

1. Cell surrounded by plasma membrane, which may
be supported by silicon, calcium carbonate, or
protein shells, scales, or tests

2. Two flagella with three-part hairs present at some
stage in the life cycle. Sometimes only the repro-
ductive cells are flagellated and the trophic cells
lack any obvious mode of locomotion. 

3. Mitochondria with short tubular cristae

4. With single vesicular nucleus

5. Nuclear division occurs by open orthomitosis
without centrioles

6. Asexual reproduction by binary fission

7. Sexual reproduction gametic; gametes usually
isogametous 

8. Photosynthetic forms have chlorophylls a, c1, and
c2; thylakoids in stacks of three; four membranes
surrounding the chloroplast with the outermost
membrane continuing around nucleus. Yellow and
brown xanthophylls give them a brownish-green
color that has earned them the common name
“golden algae”

9. Food reserves stored as liquid polysaccharide (usu-
ally laminarin) or oils 
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others are saprophytic-like fungi. Those forms that are
photosynthetic have chlorophylls a, c1, and c2; thyla-
koids in stacks of three; and four membranes surround-
ing the chloroplast (the outermost membrane continues
around the nucleus) (see Figure 5.2). Yellow and brown
accessory pigments (primarily xanthophylls like fucox-
anthin, but carotenoids are present as well) give them a
brownish-green color that has earned them the common
name “golden algae.” There is usually an eyespot associ-
ated with the region of the chloroplast near the basal
bodies. Interestingly, a similar eyespot is seen in the fla-
gellated stage of the nonphotosynthetic labyrinthulids.

Many of the heterotrophic stramenopiles use the an-
teriorly directed flagellum with tripartite hairs to cap-
ture food particles, which are engulfed by small
pseudopodia near the base of the flagellum. Other het-
erotrophic forms feed saprophytically by excreting en-
zymes that digest food items outside the cell and then
absorbing nutrients through small pores on the cell 
surface. This mode of nutrition is similar to that of true
fungi and is the reason that the labyrinthulids,
Oomycetes (“water molds”), and Hyphochytridiomy-
cetes were once mistakenly classified as fungi. The pres-
ence of a heterokont-flagella stage in these organisms
makes it clear that they are stramenopiles.

Reproduction
Mitosis in most stramenopiles is characterized as open
pleuromitosis without centrioles. During division, the
basal bodies of the two flagella separate and a spindle
forms adjacent to them or adjacent to the striated root at

the base of each. In those forms with scales, the scaly
armor appears to be added to the surface of the daugh-
ter cells as division proceeds. In diatoms, each daughter
cell gets one of the silicon valves and makes a new sec-
ond valve to complete the frustule. 

Sexual reproduction is poorly studied in most forms
but appears to almost always occur by the production of
haploid gametes, which then fuse to form a zygote. In
many, the gametes are undifferentiated, but in a few
(such as diatoms), one of the gametes is flagellated and
motile, and the other is stationary. 

Phylum Rhizopoda (Amebas)
The small phylum Rhizopoda consists of approximately
200 species. Most are free living, but some endosymbiot-
ic groups are known, including some pathogenic forms.
The most obvious characteristic of rhizopodans is that
they form temporary extensions of the cytoplasm, called
pseudopodia (“false feet”), that are used in feeding and
locomotion (Figures 5.1C, 5.32, 5.33) (Box 5J). In fact, the
name of the phylum, Rhizopoda, is based on this fea-
ture and means “root-like foot.” Rhizopods are ubiqui-
tous creatures that can be found in nearly any moist or
aquatic habitat: in soil or sand, on aquatic vegetation, on
wet rocks, in lakes, streams, glacial meltwater, tidepools,
bays, estuaries, on the ocean floor, and afloat in the open
ocean. Many are ectocommensals on aquatic organisms
and some are parasites of diatoms, fishes, molluscs,
arthropods, and mammals. Some rhizopodans have in-
tracellular symbionts such as algae, bacteria, and virus-
es, though the nature of these relationships is not well
understood. Rhizopodans are often used in laboratories
as experimental organisms for studies of cell locomotion
(Amoeba proteus), nonmuscle contractile systems

Figure 5.31  Phylum Stramenopila. Stramenopile skeletons. (A)
Exterior valve of the centric diatom Actinoptychus. (B) The pennate
diatom Navicula. (C) Two coccolithophores (color added):
Rhabdosphaera clavigera (green) and Emiliania huxleyi (purple).

(A) (B)

(C)
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(Acanthamoeba), and the effects of removing and trans-
planting nuclei.

Although most rhizopodans are harmless, free-living
creatures, some are endosymbiotic, and many of these
are considered to be parasites. They occur most com-
monly in arthropods, annelids, and vertebrates (includ-
ing humans). Three cosmopolitan species are commen-
sals in the large intestines of humans: Endolimax nana,
Entamoeba coli,  and Iodamoeba buetschlii. All three feed on
other microorganisms in the gut. E. coli infection levels
reach 100 percent in some areas of the world. E. coli
often coexists with E. histolytica; transmission (via cysts)
is by the same methods, and the trophozoites of the two
species are difficult to differentiate. Iodamoeba buetschlii
infects humans, other primates, and pigs. Entamoeba gin-
givalis was the first ameba of humans to be described.
Like E. coli, it is a harmless commensal, residing only on
the teeth and gums, in gingival pockets near the base of
the teeth, and occasionally in the crypts of the tonsils.  It
also occurs in dogs, cats, and other primates. No cyst is

Figure 5.32  Phylum Rhizopoda. Rhizopodan diversity.
(A–D) Naked amebas; (E,F) testate amebas. (A) Anatomy
of an ameba; note the multiple lobopods; (B) Nuclearia,
with filose pseudopods. (C) Hartmanella, with single fin-
ger-like lobopod. (D) Vannella, with fan-shaped pseudo-
pod. (E) Difflugia (with a test of microscopic mineral
grains). (F) Arcella; the granular texture of the manufac-
tured test can be seen surrounding the cytoplasm of the
cell.

(A) (B)

(C) (D)

(F)

(E)
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formed and transmission is direct, from one person to
another. An estimated 50 percent of the human popula-
tion with healthy mouths harbors this ameba.

Under severe stress, symbiotic gut rhizopodans (e.g.,
Entamoeba coli) that are normally harmless can increase
to abnormally high numbers and cause temporary mild
gastrointestinal distress in people. Entamoeba histolytica

is a serious pathogen in humans (Box 5K). This species
causes amebic dysentery, an intestinal disorder result-
ing in destruction of cells lining the gut. The parasite is
usually ingested in its cyst stage, and is acquired by
way of fecal contamination. Emergence of individuals
in the active (motile) stage (trophozoites) takes place
quickly once in the host’s gut, and it is these individu-
als that release the histolytic enzymes that break down
the epithelium of the large intestine and rectum.
Naegleria fowleri (= N. aerobia) is the major agent of a dis-
ease called primary amebic meningoencephalitis
(PAM), or simply  “amebic meningitis.” PAM is an
acute, fulminant, rapidly fatal illness usually affecting
young people who have been exposed to water harbor-
ing the free-living trophozoites, most commonly in
lakes and swimming pools (but this ameba has even
been isolated from bottled mineral water in Mexico). It
is thought that the amebas are forced into the nasal pas-
sages when the victim dives into the water. Once in the
nasal passages, they migrate along the olfactory nerves,
through the cribiform plate, and into the cranium.
Death from brain destruction is rapid. They do not
form cysts in the host. 

Support and Locomotion
Rhizopodans may be surrounded only by a plasma
membrane. These are the so-called naked amebas
(Figure 5.32A–D). Others, known as testate amebas,
have the plasma membrane covered by some sort of
test (Figure 5.32E,F). The tests of rhizopodans may be
composed of particulate material either gathered from
the environment (e.g., Difflugia) or secreted by the cell
itself (e.g., Arcella). Some of the naked amebas (e.g., the
genus Amoeba) may secrete a mucopolysaccharide
layer, called the glycocalyx, on the outside of the plas-
ma membrane. Sometimes, there may be flexible, sticky
structures protruding from the glycocalyx, which are
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Figure 5.33 Phylum Rhizopoda. Locomotion in amebas.
(A) Typical ameboid movement by lobopodia in Amoeba
proteus. (B) Creeping, “limax” form of movement. 
(C) Rolling, treadlike movement. (D) Filopodial creeping in
Chlamydophorus. (E) “Walking” locomotion in certain
naked amebas. (F) “Bipedal-stepping” in Difflugia.

BOX 5J Characteristics of the 
Phylum Rhizopoda 

1. Cell surrounded by plasma membrane, which may
be coated with sticky layer of glycoprotein; some
also form external test

2. With temporary extensions of cytoplasm
(pseudopodia) for locomotion ; pseudopodia can
be blunt (lobopodia) or slender (filopodia)

3. Mitochondria with tubular cristae

4. Most with single vesicular nucleus

5. Mitotic patterns extremely variable

6. Asexual reproduction by binary fission and multi-
ple fission

7. Sexual reproduction reported but not confirmed

8. Without plastids

9. Some store glycogen (e.g., Pelomyxa), but most
do not appear to store carbohydrates

(A) (B) (C)

(D) (E) (F)
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thought to aid in the capture and ingestion of bacteria
during feeding.

Rhizopodans use pseudopodia for locomotion.
Pseudopodia can vary in shape, especially in the small-
er rhizopodans, and pseudopod form is an important
taxonomic feature. There are two primary types of
pseudopodia—lobopodia and filopodia (sometimes
called “rhizopodia”). Lobopodia are blunt and rounded
at the tip (Figure 5.33A,E). Filopodia are thin and taper-
ing (Figure 5.33D). Lobopodia are the most common
type of pseudopodia found within the Rhizopoda, per-
haps best known in the genus Amoeba, while filopodia
are found in relatively few taxa (e.g., Nuclearia and
Pompholyxophrys).

Some rhizopodans that form lobopodia produce sev-
eral pseudopods that extend in different directions at the
same time. Probably the most familiar organism that pro-
duces multiple lobopodia is Amoeba proteus (Figure
5.33A). Similar pseudopodia are formed by some testate
rhizopodans such as Arcella, Centropyxis, and Difflugia.

Some rhizopodans that produce multiple lobopodia also
produce subpseudopodia on the surfaces of their lobopo-
dia. This situation is found in the genus Mayorella, which
forms finger-like subpseudopodia, and Acanthamoeba,
which forms thin subpseudopodia called acanthopodia.

Some rhizopodans produce only a single lobopod.
One such group is the so-called limax rhizopodans.
These species form a large, single, finger-like “anterior”
lobopod (giving the organism a sluglike, or Limax, ap-
pearance) (Figure 5.33B). Limicine locomotion is com-
monly found in rhizopods that dwell in soil (e.g., Chaos,
Euhyperamoeba, Hartmanella, Pelomyxa). Other rhizopo-
dans that produce a single lobopod include the genera
Thecamoeba and Vannella. In Vannella, the lobopod is
shaped such that it gives the body a fan-like appearance
(Figure 5.32D), while in Thecamoeba, the lobopod has a
somewhat indefinite shape and creates the impression
that the cell rolls like the tread of a tractor or tank, the
leading surface adhering temporarily to the substratum
as the organism progresses.
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BOX 5K Amebic Dysentery

Entamoeba histolytica is the etiological agent of amebic
dysentery, a disease that has plagued humans throughout
all of recorded history. E. histolytica is the third most com-
mon cause of parasitic death in the world. About 500 mil-
lion people in the world are infected at any one time, with
up to 100,000 deaths annually. Interestingly, E. histolytica
comes in two sizes. The smaller race (trophozoites 12 to 
15 µm in diameter, cysts 5 to 9 µm wide) is nonpathogen-
ic, and some workers consider it a separate species (E. hart-
manni). The larger form (trophozoites 20 to 30 µm in di-
ameter, cysts 10 to 20 µm wide) is sometimes pathogenic
and other times not. Another species of Entamoeba, E.
moshkovskii, is identical in morphology to E. histolytica, but
is not a symbiont; it lives in sewage and is often mistaken
for E. histolytica.

When swallowed, the cysts of E. histolytica pass through
the stomach unharmed. When they reach the alkaline
medium of the small intestine, they break open and release
trophozoites that are swept to the large intestine. They can
survive both anaerobically and in the presence of oxygen.
Trophozoites of E. histolytica may live and multiply indefi-
nitely within the crypts of the mucosa of the large intestine,
apparently feeding on starches and mucous secretions. In
order to absorb food in this setting, they may require the
presence of certain naturally-occurring gut bacteria.
However, they can also invade tissues by hydrolyzing mu-
cosal cells of the large intestine, and in this mode they
need no help from their bacterial partners to feed. E. his-
tolytica produces several hydrolytic enzymes, including
phosphatases, glycosidases, proteinases, and an RNAse.
They erode ulcers into the intestinal wall, eventually enter-
ing the bloodstream to infect other organs such as the liver,
lungs, or skin. Cysts form only in the large intestine and
pass with the host’s feces. Cysts can remain viable and in-

fective for many days, or even weeks, but are killed by des-
iccation and temperatures below 5°C and above 40°C. The
cysts are resistant to levels of chlorine normally used for
water purification.

Symptoms of amebiasis vary greatly, due to the strain of
E. histolytica and the host’s resistance and physical condi-
tion. Commonly, the disease develops slowly, with intermit-
tent diarrhea, cramps, vomiting, and general malaise.
Some infections may mimic appendicitis. Broad abdominal
pain, fulminating diarrhea, dehydration, and loss of blood
are typical of bad cases. Acute infections can result in death
from peritonitis, the result of gut perforation, or from car-
diac failure and exhaustion. Hepatic amebiasis results when
trophozoites enter the mesenteric veins and travel to the
liver through the hepato-portal system; they digest their
way through the portal capillaries and form abscesses in
the liver. Pulmonary amebiasis usually develops when liver
abscesses rupture through the diaphragm. Other sites oc-
casionally infected are the brain, skin, and penis (possibly
acquired through sexual contact).

Although amebiasis is most common in tropical regions,
where up to 40 percent of the population may be infected,
the parasite is firmly established from Alaska to Patagonia.
Transmission is via fecal contamination, and the best pre-
vention is a sanitary lifestyle. Filth flies, particularly the com-
mon housefly (Musca domestica), and cockroaches are im-
portant mechanical vectors of cysts, and houseflies’ habit of
vomiting and defecating while feeding is a key means of
transmission. Human carriers (cyst passers) handling food
are also major sources of transmission. The use of human
feces as fertilizer in Asia, Europe, and South America con-
tributes heavily to transmission in those regions. Although
humans are the primary reservoir of E. histolytica, dogs,
pigs, and monkeys have also been implicated.
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As described in Chapter 3, the physical processes in-
volved in pseudopodial movement are not fully under-
stood. It is likely that more than one method of pseudo-
pod formation occurs among the different rhizopodans;
certainly the gross mechanics involved in the actual use
of pseudopodia vary greatly (Figure 5.33). Recall the
typical differentiation of the cytoplasm into ectoplasm
(plasmagel) and endoplasm (plasmasol), the latter being
much more fluid than the former. The formation of
broad lobopodia results from the streaming of the inner
plasmasol into areas where the constraints of the plas-
magel have been temporarily relieved. In contrast, the
formation of filopodia and reticulopodia typically does
not involve sol–gel interactions, but simply rapid
streaming of the cytoplasm to form single or branching
pseudopodial extensions.

While many rhizopods move by “flowing” into their
pseudopodia or by “creeping” with numerous filopo-
dia, some engage in more bizarre methods of getting
from one place to another. Some hold their bodies off
the substratum by extending pseudopodia downward;
leading pseudopodia are then produced and extended
sequentially, pulling the organism along in a sort of
“multilegged” walking fashion. Some of the shelled rhi-
zopods (e.g., Difflugia) that possess a single pylome ex-
tend two pseudopodia through the aperture (Figure
5.32E and 5.33F). By alternately extending and retract-
ing these pseudopodia, the organism “steps” foreward.
During locomotion, one pseudopodium is extended
and used to “pull” the organism along, trailing the other
pseudopodium behind the cell.

Nutrition
While there is little doubt that rhizopodans take up dis-
solved organics directly across the cell membrane, the
most common mechanisms of ingestion are pinocytosis
and phagocytosis (Figure 5.34). The size of the food vac-
uoles varies greatly, depending primarily on the size of
the food material ingested. Generally, ingestion can
occur anywhere on the surface of the body, there being
no distinct cytostome. Most rhizopodans are carnivores
and are frequently predaceous. Some, such as Pelomyxa,
inhabit soils or muds and are predominantly herbivo-
rous, but they are known to ingest nearly any sort of or-
ganic matter in their environment. As explained earlier,
a food vacuole forms from an invagination in the cell
surface—sometimes called a food cup—that pinches off
and drops inward. This process, sometimes called endo-
cytosis, occurs in response to some stimulus at the inter-
face between the cell membrane and the environment.
Vacuole formation in rhizopodans may be induced by
either mechanical or chemical stimuli; even nonfood
items may be incorporated into food vacuoles, but they
are soon egested.

Not only the size of a food item, but also the amount
of water taken in during feeding determine the size of
the food vacuole. Frequently the pseudopodia that form
the food cup do not actually contact the food item; thus,
a packet of the environmental medium is taken in with
the food. In other cases, the walls forming the vacuole
press closely against the food material; thus, little water
is included in the vacuole. Food vacuoles move about
the cytoplasm and sometimes coalesce. If live prey have

Figure 5.34  Phylum Rhizopoda. Feeding in amebas. (A)
Sequence of events during which a lobopodium engulfs a
food particle. (B) Uptake of dissolved nutrients through a
pinocytotic channel in Amoeba. (C) Two soil amebas,
Vahlkampfia, ingesting ciliates by phagocytosis. 

(A) (B)

(C)
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been ingested, they generally die within a few minutes
from the paralytic and proteolytic enzymes present.
Undigested material that remains within the vacuole
eventually is expelled from the cell when the vacuole
wall reincorporates into the cell membrane. In most rhi-
zopodans this process of cell defecation may occur any-
where on the body, but in some active forms it tends to
take place at or near the trailing end of the moving cell.

Feeding in rhizopodans with skeletal elements varies
with the form of the test and the type of pseudopodia.
Those with a relatively large single aperture or opening,
such as Arcella and Difflugia, feed much as described
above. By extending lobopodia through the aperture,
they engulf food in typical vacuoles.

Reproduction

Simple binary fission is the most common form of asex-
ual reproduction, differing only in minor details among
the different groups (Figure 5.35). In the naked rhizopo-
dans, nuclear division occurs first and then cytoplasmic
division follows. During cytoplasmic division, the two

potential daughter cells form locomotor pseudopodia
and pull away from each other. In those species with an
external test, the shell itself may divide more or less
equally in conjunction with the formation of daughter
cells (e.g., Pamphagus); or, as occurs more frequently, the
shell may be retained by one daughter cell, the other
producing a new shell (e.g., Arcella). The relative density
and rigidity of the test determine which process occurs.
Multiple fission is also known among rhizopodans.
Certain endosymbiotic naked species, including
Entamoeba histolytica, produce cysts in which multiple
fission takes place.

Cyst formation during unfavorable environmental
conditions is well developed in some rhizopodans, in-
cluding all testate amebas, most soil amebas, and the
parasitic amebas. In the parasitic amebas (e.g., Enta-
moeba), cysts protect the organism as it passes through
the digestive tract of the host.

Mitotic patterns in rhizopodans vary and have been
used as a criterion for classification within the Rhizo-
poda. In most species, mitosis is characterized as open
orthomitosis without centrioles; in some, the break-

(A)

(B)

Figure 5.35  Phylum Rhizopoda. Asexual reproduction in rhizopodans. (A) Simple
binary fission in Amoeba. (B) Binary fission in the shelled ameba Pamphagus; the
test is partitioned more or less equally between the two daughter cells. (C) Binary
fission in Arcella; the parent test is retained by one daughter cell, and a new test is
produced by the other daughter cell. 

(C)

1 2 3 4 5

1 2 3 4
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down of the nucleus and nucleolus is delayed. Closed
intranuclear orthomitosis with a persistent nucleolus oc-
curs in some rhizopodans, such as Entamoeba. 

Phylum Actinopoda
Approximately 4,240 species of Actinopoda have been
described. The phylum includes four major groups: the
Polycystina (= Radiolaria), Phaeodaria, Heliozoa, and
Acantharia (Figure 5.36) (Box 5L). Most have internal
siliceous skeletons that preserve well in the fossil record.
Polycystines, phaeodarians, and acantharians are all
planktonic; they are found exclusively in marine habitats
and are most abundant in warm waters (26° to 37°C).
Heliozoa predominantly occur in fresh water and are
often found attached to the benthos or to submerged ob-
jects via a proteinaceous peduncle or a cytoplasmic base.

The name Actinopoda means “ray feet” and refers to
the axopodia, which radiate from the bodies of these
beautiful protists. Axopodia are slender pseudopodia
supported by an inner core of microtubules that extends
from a central region called the axoplast (Figure 5.37).
The pattern of the microtubule arrangement within the
axopodia varies and is an important taxonomic feature.
Axopodia function primarily in feeding and locomo-
tion. The cytoplasm exhibits a characteristic bidirection-

Figure 5.36  Phylum Actinopoda.
Actinopodan diversity. (A) Arachno-
sphaera oligacantha, a radiolarian; SEM
of skeleton. (B) Challengeron wyvillei, a
phaeodarian. (C) An acantharian radio-
larian. (D) Actinophrys, a heliozoan. 

(C)

(A)

(D)

(B)

Skeletal spine

Skeletal spines

Axopodia

BOX 5L Characteristics of the 
Phylum Actinopoda

1. Cell surrounded by plasma membrane, which may
be supported by skeleton secreted by the cell and
usually internal; variable composition of skeleton

2. Locomotion mostly passive; some movement can
be accomplished with special organelles called
axopodia

3. Mitochondria with tubular cristae (in most)

4. Most have single vesicular nucleus; some have sin-
gle ovular nucleus; some have multiple nuclei

5. Except heliozoans, nuclear division occurs by
closed intranuclear pleuromitosis. Electron-dense
plaques act as organizers for mitotic spindle. Pair
of centrioles are located outside nucleus and situ-
ated near plaques. Amorphous structures called
polar caps located in cytoplasm act as mitotic
spindle organizers. In heliozoans, nuclear division
occurs by semi-open orthomitosis

6. Asexual reproduction by binary fission, multiple
fission, or budding

7. Sexual reproduction only known in some helio-
zoans and occurs by autogamy. Meiosis involves
two divisions prior to formation of gametes

8. Without plastids
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al movement (like the Granuloreticulosa), circulating
substances in the cytoplasm between the pseudopodia
and the main body of the cell (Figure 5.38).

Actinopoda, with an exception of some heliozoans,
have little use in laboratory experiments since they can-
not be maintained in culture for more than a few weeks.
Heliozoans can be maintained in culture and have been
used in cell biology studies to examine locomotion,
feeding, and certain biochemical features. Probably the
most useful aspect of actinopodans for humans is relat-
ed to the nature of their skeletons. For example, the
strontium sulfate skeletons of acantharians have been
used by scientists to measure amounts of natural or an-
thropogenic radioactivity in marine environments. The
siliceous skeletons of polycystines and phaeodarians do
not dissolve under great pressure and therefore accu-
mulate—along with diatom tests—as deposits called
siliceous ooze on the floors of deep ocean basins (be-
tween 3,500 and 10,000 m deep). These skeletons date
back to the Cambrian and have been used as paleoenvi-
ronmental indicators.

Support and Locomotion
In Acantharia, Phaeodaria, and the Polycystina,  the cyto-
plasm is divided into two regions, the endoplasm and
the ectoplasm, which are separated by a wall that is
composed (usually) of mucoprotein. The central endo-

plasm is granular and dense, and contains most of the
organelles: nucleus, mitochondria, Golgi apparatus, pig-
mented granules, digestive vacuoles, crystals, and the
axoplast. Axopodia emerge from the axoplast in the en-
doplasm through pores in the capsule wall. The pore
pattern is variable. In polycystines, for example, there
are many pores in the capsule wall, all of which are as-
sociated with collar-like structures called fusules. In
phaeodarians, there are only three pores in the capsule
wall. The largest pore, the astropyle, is associated with
fusules. Axopodia emerge from the two smaller pores,
the parapyles, which are not associated with fusules. 

Most polycystines, phaeodarians, and acantharians
have skeletons for support. In these organisms, the skele-
ton is formed and housed within the endoplasm and is
therefore internal. In Polycystina and Phaeodaria, the
skeleton is composed primarily of siliceous elements
that are solid in polycystines and hollow in phaeodari-
ans. In acantharians, the skeleton is composed of stron-
tium sulfate embedded in a proteinaceous matrix. These
skeletons vary greatly in construction and ornamenta-
tion, and frequently bear radiating spines that aid in
flotation. In the Acantharia, there is a strict arrangement
of 20 radial spicules, which is a diagnostic feature of this
group. 

The ectoplasm, often called the calymma, lies outside
the capsule wall and contains mitochondria, large diges-
tive vacuoles, extrusomes, and (in some) algal sym-
bionts. The calymma has a rather foamy appearance
due to the presence of a large number of vacuoles
(Figure 5.38C). The vacuoles, some of which house oil
droplets and other low-density fluids, aid in flotation in
free-living species. When surface water conditions be-
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Figure 5.37  Phylum Actinopoda. General anatomy of a
pelagic (polycystine) actinopodan, showing the axopodia
(radiating spines that aid in flotation) and other structures.  



come rough and potentially dangerous to these delicate
protists, the calymma expels some of its contents and
the creature sinks to calmer depths. Eventually the cell
replaces the oils and other fluids, and the organism rises
toward the surface again. Unique to the ectoplasm of
phaeodarians are balls of waste products called
phaeodium, after which this group was named. The ec-
toplasm of acantharians is covered with a net-like cortex
that is anchored to the apex of the spicules by contractile
myonemes. Both the cortex and the presence of my-
onemes in association with the skeletal spicules are dis-
tinctive features of the acantharians.

Although heliozoans lack a capsular wall dividing
the cytoplasm into a distinct endoplasm and ectoplasm,
there is usually a division between a granular central re-
gion and a vacuolated region near the surface. These
beautiful protists bear numerous axopodia radiating
from their spherical bodies, inspiring the common name
“sun animals.” The surface of heliozoans is covered by a
cell coat that is between 0.05 and 0.5 µm thick. None has
an internal skeleton, and most lack a skeleton altogether,
but some (e.g., Acanthocystis) have a skeleton embedded
in the cell coat, consisting of secreted siliceous spines or

scales. At least one genus, Heterophrys, secretes organic
spines. Another genus, Lithcolla, simply covers itself
with either sand grains or the skeletons of other protists.

Locomotion in the Actinopoda is limited. Most drift
passively in the water column using the axopodia,
skeletal spines (if present), and ectoplasmic vacuoles as
flotation devices. In some cases, however, the axopodia
and spines play a more active role in locomotion. For ex-
ample, the axopodia may also help these organisms
maintain their position in the water column by the ex-
pansion and contraction of vacuoles between the axopo-
dia. This has been suggested because it has been ob-
served in polycystines that when the ectoplasm and
axopodia are lost during cell division, the organisms
sink. In the Heliozoa, it has been observed that the ax-
opodia are used to roll among algae and in at least one
genus, Sticholonche, they appear to be used as tiny oars.
In acantharians, it is thought that contraction of the my-
onemes that are attached to the spicules may somehow
regulate buoyancy.

Nutrition
All actinopodans are heterotrophic, obtaining food by
phagocytosis, and many are voracious predators
(Figure 5.38C). Prey items include bacteria, other pro-
tists (e.g., ciliates, diatoms, flagellates), and even small
invertebrates (e.g., copepods). Actinopoda use their ax-
opodia as traps for prey. The axopodia are usually
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Figure 5.38  Phylum Actinopoda. (A) Axopodia
on the surface of the heliozoan Actinosphaerium
(note the bidirectional movement of the cyto-
plasm). (B) Cross section (TEM) through
axopodium of Actinosphaerium. (C) Food capture
by an axopodium in a radiolarian.
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equipped with extrusomes such as mucus-producing
mucocysts, and kinetocysts (found only in this group),
which eject barbed, thread-like structures.  Prey items
adhere to mucus (discharged by mucocysts) that covers
the extended axopodia, or they become attached to the
axopodia by the discharged kinetocysts.

The size and motility of the prey determines the par-
ticular feeding mechanism used.  Small prey are en-
gulfed in food vacuoles directly, whereas large prey
may be partially digested extracellularly by the action of
secretory lysosomes in the mucous coat or broken into
pieces by the action of large pseudopodia. The extracel-
lular food is drawn toward the cell body by cytoplasmic
streaming, eventually enclosed within food vacuoles,
and completely digested in the central portion of the
cell. In polycystines and heliozoans, it has been ob-
served that when large, fast-moving prey (especially
those with skeletons, such as diatoms) contact the ax-
opodia, the axopodia actually collapse, drawing the
prey into the cell body where it is engulfed by thin
filopodia and then enclosed in a food vacuole (Figure
5.38C). The collapse of the axopodia is thought to in-
volve microtubule disassembly.

An interesting feeding arrangement is found in the
phaeodarians. As mentioned earlier, they have only
three openings in the capsule wall: two parapylae and
the single astropyle. Prey become trapped on the axopo-
dia. Then a large pseudopod, formed from the astropyle,
engulfs the prey item into a food vacuole where it is di-
gested in the ectoplasm. Because of this behavior, some
workers have referred to the astropyle as a cytostome.

Many polycystines, heliozoans, and acantharians live
near the water’s surface. These protists often have algal
symbionts, including chlorophytes and dinoflagellates,
which presumably provide them with additional nutri-

ents. Phaeodarians do not have algal symbionts, which
is not surprising since they tend to be found in water
depths unsuitable for photosynthesis.

Reproduction
Asexual reproduction occurs by binary fission, multiple
fission, or budding. In the heliozoans, binary fission oc-
curs along any plane through the body; in the Polycystina
and various shelled forms, however, division occurs
along planes predetermined by body symmetry and
skeletal arrangement. The same basic mode of multiple
fission is seen in all groups. A polyploid nucleus results
from numerous mitotic divisions. The nucleus fragments,
producing many biflagellate individuals called swarm-
ers, which eventually lose their flagella and develop into
adults (Figure 5.39B). In polycystines, swarmers have a
crystal of strontium sulfate in their cytoplasm. In most
polycystine and acantharian species, multiple fission is
the only mode of asexual reproduction.

Sexual reproduction is apparently rare in actinopo-
dans. A few genera of heliozoans (e.g., Actinophrys and
Actinosphaerium) undergo autogamy, or self-fertilization
(Figure 5.39A). Autogamy is usually triggered by either
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Figure 5.39  Phylum Actinopoda.
Reproduction in actinopodans. 
(A) Autogamy in the heliozoan
Actinophrys. The adult enters a cyst
stage and undergoes mitosis to
produce a pair of gamonts. The
nucleus of each gamont undergoes
meiosis, but only one haploid
nucleus survives in each cell. The
gametes (and their haploid nuclei)
fuse to produce an encysted
zygote, which eventually grows
into a new individual. (B) Mass of
swarmers produced by multiple 
fission within the central capsule of
the radiolarian Thalassophysa. 

(B)



a lack of food or, conversely, it follows heavy feeding.
First the cell encysts and undergoes a mitotic division to
produce two gamonts. Each gamont nucleus divides by
meiosis without cytokinesis. All of the nuclei but two
disintegrate. The two surviving haploid nuclei fuse
while still inside the cyst, forming a diploid zygote that
later emerges from the cyst when environmental condi-
tions become more favorable.

Nuclear division, in all actinopodans except the
Heliozoa, occurs by closed intranuclear pleuromitosis.
Electron-dense plaques located on the inner surface of
the nuclear envelope act as organizers for the mitotic
spindle. A pair of centrioles, located outside of the nucle-
us are  found near the plaques. In the Heliozoa, nuclear
division occurs by semi-open orthomitosis. Amorphous
structures called polar plaques, which are located in the
cytoplasm, act as mitotic spindle organizers.

Phylum Granuloreticulosa
(Foraminifera and Their Kin)
The phylum Granuloreticulosa contains about 40,000 de-
scribed species, many of which are fossils. Members of

this phylum are ubiquitous in all aquatic habitats from
the poles to the equator. Some are planktonic, living near
the water’s surface, but most are benthic. The phylum
consists of two major groups: the Athalamida and
Foraminiferida (including the monothalamids). The
Foraminiferida (e.g., Globigerina), also called Foramin-
ifera or forams, are the most common and well-known
members of the Granuloreticulosa (Figures 5.1J and 5.40)
(Box 5M). They are most frequently found in marine and
brackish water and are characterized by the presence of
a test or skeleton with one to two chambers and a com-
plex life cycle that involves an alternation of generations.
In addition, the pseudopodia emerge from the test at one
or two fixed openings. Most forams are benthic and have
flattened tests. A small number, however, are pelagic and
have calcareous spines that aid in prey capture (e.g.,
Globigerinella, Figure 5.1J). Athalamids are found in fresh
water, soil, and marine environments and are distin-
guished from the forams in that they lack a test and the
pseudopodia can emerge any place on the body.

The tests of forams leave an excellent fossil record
dating back to the Lower Cambrian. The tests of plank-
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Figure 5.40  Phylum Granuloreticulosa. Foraminiferan
skeletons. (A) Elphideum sp. (B) Soritid foraminiferans. 

BOX 5M
1. Cell surrounded by plasma membrane, which may

by supported by organic, agglutinated, or calcareous
test; test always formed outside plasma membrane

2. Locomotion involves cytoplasmic extensions called
reticulopodia

3. Mitochondria with tubular cristae

4. Nuclei either ovular or vesicular; many are multinu-
cleate; some exhibit nuclear dualism

5. Nuclear division occurs by closed intranuclear
pleuromitosis

6. Asexual reproduction by budding and/or multiple
fission

7. Sexual reproduction known in most. The life cycle is
usually complex, involving alternation of an asexual
form (agamont) and a sexual form (gamont). 

8. Without plastids

Characteristics of the Phylum Granuloreticulosa
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tonic forams are used by geologists as paleoecological
and biostratigraphic indicators, and deposits of benthic
foram tests are often used by petroleum geologists to
search for oil. Foraminiferan tests are not only very
abundant in recent and fossil deposits but also extreme-
ly durable. On the island of Bali, the tests of one species
are mined and used as gravel in walks and roads. Much
of the world’s chalk, limestone, and marble is composed
largely of foraminiferan tests or the residual calcareous
material derived from the tests. Most of the stones used
to build the great pyramids of Egypt are foraminiferan
in origin. Before they get buried on the sea floor, the
tests of foraminiferans function as homes and egg-
laying sites for many minute metazoan species, such as
small sipunculans, polychaetes, nematodes, copepods,
isopods, and others.

Support and Locomotion
Although little is known about locomotion in the
Granuloreticulosa, the reticulopodia are believed to be
involved (Figure 5.41). Most Granuloreticulosa have
tests covering their plasma membrane. The Althalamida
lack a test and instead are covered by a thin, fibrous en-
velope. The Foraminifera have tests that are usually
constructed as a series of chambers of increasing size,
with a main opening, or aperture, in the largest cham-
ber from which the reticulopodia emerge. 

There are three types of tests in the Foraminifera—(1)
organic, (2) agglutinated, and (3) calcareous. The nature
of the test is a taxonomic feature used to classify forams.
Organic tests are composed of complexes of proteins and
mucopolysaccharides. These tests are flexible and allow
the organisms that secrete them (e.g., Allogramia) to
change shape rapidly. Cytoplasm emerging from the
aperture(s) forms the reticulopodial network and often
forms a layer covering the outside of the test.

Agglutinated tests are composed of materials gath-
ered from the environment (e.g., sand grains, sponge
spicules, diatoms, etc.) that are embedded in a layer of
mucopolysaccharide secreted by the cell. The test may
be made rigid by calcareous and iron salts. Some forams
that have agglutinated tests are highly selective about
the building materials used to build their tests (e.g.,
Technitella), while others are not (e.g., Astrorhiza). 

Calcareous tests are composed of an organic layer re-
inforced with calcite (CaCO3). The arrangement of cal-
cite crystals give the tests a characteristic appearance,
and three major categories of calcareous tests are recog-
nized: (1) porcelaneous, (2) hyaline, and (3) microgran-
ular. Porcelaneous tests appear shiny and white, like
fired porcelain in reflected light, and are probably the
most familiar to the introductory student (Figure 5.40).
These tests generally lack perforations and the reticu-
lopodia emerge from a single aperture. Hyaline tests
have a glass-like appearance in reflected light and often
are perforated with tiny holes. Microgranular tests have
a sugary (granular) appearance in reflected light.

Planktonic foraminiferans can occur in such high num-
bers that the calcareous tests of dead individuals consti-
tute a major portion of the sediments of ocean basins. In
some parts of the world, these sediments—called
foraminiferan ooze—are hundreds of meters thick. Such
sediments are restricted to depths shallower than about
3,000 to 4,000 m, however, because CaCO3 dissolves
under high pressure. 

Nutrition
All Granuloreticulosa are heterotrophic and feed by
phagocytosis. The prey can vary, depending on the
species. Some are herbivores, other are carnivores, and
still others are omnivorous. Planktonic herbivores can
be tuned to the bloom of certain algae, such as diatoms
or chlorophytes, and feed heavily at those times. All use
their reticulopodia to trap their prey. Vesicles at the tip
of the reticulopodia secrete a sticky substance that the
prey adhere to upon contact. The prey are engulfed in
food vacuoles, into which digestive enzymes are secret-
ed. The food vacuoles are then carried to the main part
of the body, where digestion is completed. Benthic
species trap prey by spreading their reticulopodia out
on the lake or ocean bottom.

Both shallow-water benthic forams and planktonic
forams that live near the water’s surface often harbor
endosymbiotic algae such as diatoms, dinoflagellates,
and red and green algae, which can migrate out of the
reticulopodia to expose themselves to more sunlight.
These forams are particularly abundant in warm tropi-
cal seas. Studies suggest that nutrient and mineral recy-
cling may occur between the forams and their algal
symbionts. Furthermore, it has been shown that the
symbionts may enhance the test-building capacities of
forams and that their presence often allows their hosts
to grow to very large sizes (e.g., the Eocene foram
Nummulites gizehensis reached 12 cm in diameter), even
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Figure 5.41  Phylum Granuloreticulosa. An unidenti-
fied athalamid with reticulopodia. 
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in nutrient-poor waters. The “giant” forams, such as
Nummulites, are much more common in fossil deposits
than they are today. 

Reproduction and Some Life Cycles
The life cycles of granuloreticulosans are frequently com-
plex, and many are incompletely understood. These cy-
cles often involve an alternation of sexual and asexual
phases (Figure 5.42). However, some smaller species ap-
parently only reproduce asexually, by budding and/or
multiple fission. Nuclear division in both sexually and
asexually reproducing species occurs by intranuclear
pleuromitosis. In those that reproduce sexually, it is not
uncommon to find individuals of the same foraminifer-
an species differing greatly in size and shape at different
phases of the life cycle. The size difference is generally
determined by the size of the initial shell chamber (the
proloculum), produced following a particular life-cycle
event. Often the proloculum that is formed following
asexual processes is significantly larger than one formed
after syngamy. Individuals with large prolocula are
called the macro- or megaspheric generation; individu-
als with small prolocula are the microspheric generation.

During the sexual phase of the life cycle, the haploid
individuals (gamonts) undergo repeated divisions to

produce and release bi- or triflagellated isogametes,
which pair and fuse to form the asexual individuals.
Asexual, diploid individuals (called agamonts) undergo
meiosis and produce haploid gamonts—the sexual indi-
viduals. The means of return to the diploid condition
varies. In many foraminiferans (Elphidium, Iridia,
Tretomphalus, and others), flagellated gametes are pro-
duced and released; fertilization occurs free in the sea
water to produce a young agamont. In others, such as
Glabratella, two or more gamonts come together and
temporarily attach to one another. The gametes, which
may be flagellate or ameboid, fuse within the chambers
of the paired tests. The shells eventually separate, re-
leasing the newly formed agamonts. True autogamy oc-
curs in Rotaliella: each gamont produces gametes that
pair and fuse within a single test, and the zygote is then
released as an agamont.

Phylum Diplomonadida
The diplomonads were one of the first protist groups
ever to be observed and recorded. Antony van
Leeuwenhoek described a diplomonad protist, now
known as Giardia intestinalis, from his own diarrheic
stool as early as 1681 (see opening quote; Figure 5.43A,
Box 5N) About 100 species of diplomonads are known
today (Box 5O). This is a group of predominantly sym-
biotic flagellates, but a few free-living genera are
known. Those that are free living tend to be found in or-
ganically polluted waters. Most diplomonads live as
harmless commensals within the digestive tracts of ani-
mals, but a few are pathogenic.

The diplomonads have their name because the first
species described from this group had a twofold sym-
metry defined by a pair of karyomastigont systems
(Figure 5.43B). It was later discovered that some genera
(the enteromonads) have only one. The karyomastigont
system is composed of fibers that originate at the basal
bodies of the flagella and form an intimate association
with the nucleus. A pair of anteriorly located nuclei,
along with their nucleoli, makes the organism look like
it has eyes that peer up as it is being observed through
the microscope (these are the eyes van Leeuwenhoek
saw looking at him in 1681).

As noted above, some diplomonads are pathogenic.
Hexamida salmonis, a parasite of fish, causes many
deaths in salmon and trout hatcheries. Infestations of H.
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Figure 5.42  Phylum Granuloreticulosa. Life cycle of the foraminiferan
Tretomphalus bulloides. (1) The settled zygote is shell-less and ameboid.
(2) The cell grows and matures as an agamont, which (3) asexually pro-
duces young gamonts. Each mature gamont (4) accumulates particles of
detritus (5–6) to produce a flotation chamber (7). (8) The gamont floats
to the surface and produces and releases gametes (9), which fuse to pro-
duce a swimming zygote (10–12). 



meleagridis in turkey farms annually costs the turkey in-
dustry millions of dollars in the United States (Figure
5.43C). Giardia intestinalis is a very common intestinal
parasite in humans that causes diarrhea, dehydration,
and intestinal pain. Although it is not fatal if treated
promptly, giardiasis is one of the top ten most common
parasite diseases.

Support and Locomotion
The cell is surrounded by a plasma membrane, but
some rigidity is provided by three microtubular roots
that are associated with the basal bodies. These roots in-
clude a supranuclear fiber that passes over or in front of
the nucleus, an infranuclear fiber that extends beneath
or behind the nuclei, and a band of microtubules that
parallels the recurrent flagellum. The relative develop-
ment of these fibers varies, depending on the genus.
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Figure 5.43  Phylum Diplomonadida. (A) Giardia intesti-
nalis from human stool (length 12–15 µm). (B) Schematic
drawings of Giardia and Hexamita (C), illustrating the
paired nuclei and numerous flagella.
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BOX 5N Giardia

The genus Giardia is notable in lacking mitochondria,
smooth endoplasmic reticulum, Golgi bodies, and lyso-
somes. For many years, this has been interpreted as a primi-
tive trait that placed the genus near the point of divergence
between prokaryotes and eukaryotes (hence the genus has
been referred to as a “missing link”). However, recent phy-
logenetic analyses suggest that this genus is actually highly
derived and that the absence of mitochondria represents 
a secondary loss. There are probably five valid species in 
the genus: G. lamblia (= G. intestinalis, = G. duodenalis) and
G. muris from mammals, G. ardeae and G. psittaci from
birds, and G. agilis from amphibians. The closely related
genus Hexamita has no human parasites, but H. meleagridis
is a common parasite of the guts of young galliform birds
(e.g., turkey, quail, pheasant), and it causes millions of dol-
lars in loss to the U.S. turkey industry annually.

Giardia lamblia is a cosmopolitan species that occurs
most commonly in warm climates. However, in recent
years it has been introduced by hikers and campers
throughout the warm temperate zone of the United States.
It is the most common flagellated protist of the human di-
gestive tract. Over 30,000 cases of giardiasis are reported
annually in the United States, where animal reservoirs of G.
lamblia include beavers, dogs, cats, and sheep. Treatment
with quinacrine or metronidazole (“Flagyl”) usually effects
complete cure within a few days.

The teardrop-shaped organism is dorsoventrally flat-
tened, the ventral surface bearing a concave bilobed adhe-

sive disc with which the cell adheres to the host tissue. Five
flagella arise from kinetosomes located between the anteri-
or portions of the two nuclei. The flagella facilitate rapid
swimming. Members of this genus also possess a unique
pair of large, curved, dark-staining median bodies lying
posterior to the adhesive discs; their function is unknown.
In severe infections, the free surface of nearly every cell in
the infected portion of the gut is covered by a parasite. A
single diarrheic stool can contain up to 14 billion parasites,
facilitating the rapid spread of this very common protist.
Some infections show no evidence of disease, whereas oth-
ers cause severe gastritis and associated symptoms, no
doubt due to differences in host susceptibility and strains of
the parasite. The dense coating of these protists on the in-
testinal epithelium interferes with absorption of fats and
other nutrients. Stools are fatty, but never contain blood.
The parasite does not lyse host cells, but appears to feed on
mucous secretions. Some protective immunity can appar-
ently be acquired.

Lacking mitochondria, the tricarboxylic acid cycle and
cytochrome system are absent in Giardia, but the organ-
isms avidly consume oxygen when it is present. Glucose is
apparently the primary substratum for respiration, and the
parasites store glycogen. However, they also multiply when
glucose is absent. Trophozoites divide by binary fission. As
with trypanosomes, G. lamblia exhibits antigenic variation,
with up to 180 different antigens being expressed over 6 to
12 generations.

(C)
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Some genera have additional fibrous structures that are
associated with the basal bodies. For example, the genus
Giardia attaches to the host’s intestinal epithelium with
an adhesive disc that is constructed in part from the mi-
crotubular bands of the cytoskeleton. The disc is delim-
ited by a ridge or lateral crest that is composed of actin
and is used to bite into the host’s tissue. The contractile
proteins myosin, actinin, and tropomyosin have all been
reported around the periphery of the disc and may be
involved with attaching to the host. The supranuclear
fiber in Giardia is composed of a single ribbon of micro-
tubules that connects to the plasma membrane of the
disc. Each microtubule of the supranuclear fiber is asso-
ciated with a ribbon of protein that extends into the cy-
toplasm.

Each karyomastigont system typically has four kine-
tosomes—two anterior and two posterior. One of the
posterior flagella is recurrent and trails passively be-
hind. Locomotion is accomplished by the coordinated
beat of the eight flagella. It has been suggested that the
flagella may also be involved with creating a suction
force beneath the adhesive disc in Giardia, enabling it to
attach to its host.

Nutrition
Most diplomonads are phagotrophic and feed on bacte-
ria. These forms have a cytostome through which endo-
cytosis of the bacteria occurs. In Spironucleus and
Hexamida, for example, the two intracellular channels in
which the recurrent flagella lie function as cytostomes.

Other genera such as Giardia and Octonitis lack cy-
tostomes and are saprozoic, feeding by pinocytosis on
mucous secretions of the host’s intestinal tissue.

Reproduction
Asexual reproduction is the only mode of reproduction
known in diplomonads. Division occurs along the lon-
gitudinal plane. Nuclear division involves semi-open
orthomitosis and is synchronous between the two nu-
clei (if there are two). Replicated basal bodies act as or-
ganizing centers for the mitotic spindle. Most symbiotic
diplomonads form cysts at some point during their life
cycle. Those that form cysts alternate between a motile
trophozoite form and a dormant encysted form. Giardia
intestinalis, for example, will form a thick protective cov-
ering that resists desiccation as it passes from the host’s
small intestine into the large intestine, where it is prone
to dehydration. Once it leaves the digestive system
through the anus, it must be swallowed by another host,
where it will travel through the digestive system until it
reaches the duodenum of the small intestine where it
will excyst. Giardiasis is very contagious and preven-
tion depends on maintaining high levels of hygiene.
Cyst formation is not known to occur in free-living
diplomonads.

Phylum Parabasilida 
(The Trichomonads and
Hypermastigotes)
There are approximately 300 described species of
parabasilids. This group includes two major subgroups:
the trichomonads and the hypermastigotes (Figure 5.44)
(Box 5P). All parabasilid groups that have been studied
are endosymbionts of animals. The hypermastigotes
(e.g., Trichonympha) are obligate mutualists in the diges-
tive tracts of wood-eating insects such as termites and
wood roaches. Trichomonads are symbionts in the di-
gestive, reproductive, and respiratory tracts of verte-
brates, including humans. The parabasilids get their
name from a fiber, called the parabasal fiber, which ex-
tends from the basal bodies to the Golgi apparatus.
Several other fibers are associated with the basal bodies
(an atractophore, an axostyle, and a pelta) and their
presence, along with the parabasal fiber, is a diagnostic
feature of this group.

The most interesting aspect of parabasilid biology
may be their symbiosis with other organisms. As noted
below, hypermastigotes are symbionts within the diges-
tive system of wood-eating insects such as wood roach-
es, cockroaches, and termites. Although these insects eat
wood, they lack the enzymes necessary to break it
down. The hypermastigote protists produce the enzyme
cellulase, which breaks down cellulose in wood into a
form that the insect can metabolize—a genuinely mutu-
alistic relationship.
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BOX 5O Characteristics 
of the Phylum 
Diplomonadida 

1. Body surrounded only by plasma membrane;
some rigidity provided by three microtubular
roots associated with the flagella

2. With flagella for locomotion. Number of flagella
varies; typical number is eight; one flagellum usu-
ally recurrent. Three microtubular roots associated
with the basal bodies of the flagella

3. Without mitochondria 

4. Most possess two vesicular nuclei with minute
nucleoli

5. Nuclear division occurs by semi-open orthomitosis
without centrioles, synchronous between the two
nuclei. Replicated basal bodies act as organizing
centers for the mitotic spindle. 

6. Asexual cell division by longitudinal binary fission
(symmetrogenic)

7. Meiosis and sexual reproduction unknown

8. Without plastids
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Trichomonads have been the focus of much research
because there are four species found as symbionts in hu-
mans (Dientamoeba fragilis, Pentatrichomonas homonis,
Trichomonas tenax, and Trichomonas vaginalis) and several
species that parasitize domestic stock (Tritrichomonas foe-
tus). In humans, only Trichomonas vaginalis is known to
be a serious pathogen. Trichomonas vaginalis is a cos-
mopolitan species found in the vagina and urethra of
women, and in the prostate, seminal vesicles, and ure-
thra of men. It is transmitted primarily by sexual inter-
course, although it has been found in newborn infants.
Its occasional presence in very young children suggests
that the infection can also be contracted from shared
washcloths, towels, or clothing. Most strains of T. vagi-
nalis are of such low pathogenicity that the victim is 
virtually asymptomatic. However, other strains cause
intense inflammation with itching and a copious green-
ish-white discharge (leukorrhea) that is swarming with
the parasite. Trichomonas vaginalis feeds on bacteria,
leukocytes, and cell exudates.

O. F. Müller discovered T. tenax in 1773, when he ex-
amined a culture of tartar from his own teeth. Dientamoe-
ba fragilis is a fairly common parasite of human intestinal
tracts, where it lives in the large intestine and feeds
mainly on debris. Although traditionally considered a
harmless commensal, recent studies suggest that infec-
tions by this protist routinely result in abdominal stress
(e.g., diarrhea, abdominal pain). Tritrichomonas foetus is a
parasite in cattle and other large mammals and is one of
the leading causes of abortion in these animals; it is com-
mon in the United States and Europe. Histomonas melea-
gridis is a cosmopolitan parasite of gallinaceous fowl.
Histomoniasis in chickens and turkeys causes about a
million dollars in losses annually.

Support and Locomotion
In parabasilids, the cell body is surrounded only by
plasma membrane, but some rigidity is provided by a
system of supporting fibers and microtubules that are
associated with the kinetosomes. There are two striated
fibrous roots, a parabasal fiber and an atractophore,
and two microtubular roots, an axostyle and a pelta
(Figure 5.44). The number of parabasal fibers is variable.
In small trichomonads, there are only a few, whereas in
hypermastigotes, such as Trichonympha, there can be
over a dozen. The atractophore extends toward the nu-
cleus from the basal bodies. The axostyle is a rod-like
bundle of microtubules that originates near the basal
bodies and curves around the nucleus as it extends to
the posterior region of the cell. The pelta is a sheet of mi-
crotubules that encloses the flagellar bases. In tri-
chomonads, an additional striated fiber called the costa
is present. This fiber originates at the bases of the flagel-
la and extends posteriorly beneath the undulating
membrane. These fibers, along with the flagella and the
nucleus, comprise the karyomastigont system (similar
to that found in diplomonads).

Locomotion is accomplished by the beats of flagella.
Trichomonads tend to have only a few flagella, typically
four or five, located in the anterior region of the body. In
Trichomonas vaginalis, for example, four free flagella form
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Figure 5.44  Phylum Parabasilida. Trichomonas murius, a
trichomonad inhabiting the large intestine of mice. 

BOX 5P Characteristics of the 
Phylum Parabasilida 

1. Body surrounded only by plasma membrane;
some rigidity provided by four roots associated
with the flagella

2. With flagella for locomotion. Number of flagella
can vary between four to thousands; two fibrous
roots (parabasal fiber, atractophore) and two
microtubular roots (axostyle, pelta) associated
with basal bodies of the flagella

3. Without mitochondria; anaerobic activity occurs in
organelles called hydrogenosomes

4. Hypermastigotes possess either a single chromo-
somal or vesicular nucleus with a prominent
nucleolus. Trichomonads possess a single vesicular
nucleus with a minute nucleolus

5. Nuclear division occurs by closed extranuclear
pleuromitosis without centrioles

6. Asexual cell division by longitudinal binary fission
(symmetrogenic)

7. Sexual reproduction occurs in some hypermastig-
otes, but is unknown in trichomonads. In hyper-
mastigotes, sexual reproduction varies, occurs by
either gametogamy, gamontogamy, or autogamy

8. Without plastids
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a tuft in the anterior region of the cell. The fifth flagellum
is attached to the cell body at regular attachment sites so
that when it beats, the cell membrane in that region of
the body is pulled up into a fold, forming an undulating
membrane. As in the kinetoplastids, the flagellum–
undulating membrane complex seems to be efficient in
moving the organism through viscous media. Hyper-
mastigotes usually have dozens or even hundreds of fla-
gella occurring all over the body. In these protists, the
basal bodies of the flagella are arranged in parallel rows
and are connected by microfibrils. The beat of the flagel-
la is synchronized, forming metachronal waves.

Some trichomonads (e.g., Dientamoeba fragilis, Histo-
monas meleagridis, and Trichomonas vaginalis) form pseu-
dopodia. These pseudopodia function primarily in
phagocytosing food particles, but they are also used in
locomotion.

Nutrition
All parabasilids are heterotrophic and lack a distinct cy-
tostome. In some trichomonads (e.g., Tritrichomonas),
fluid is taken up by pinocytosis in depressions on the
cell surface. Most parabasilids, however, take in particu-
late matter by phagocytosis. In hypermastigotes,
pseudopodia formed in a sensitive region at the posteri-
or end of the cell engulf wood particles. Trichomonads
also form pseudopodia that engulf bacteria, cellular de-
bris, and leukocytes.

Reproduction
Asexual reproduction is by longitudinal binary fission
(Figure 5.45A). Nuclear division occurs by closed ex-
tranuclear pleuromitosis with an external spindle. The
atractophores are thought to act as microtubular orga-
nizing centers.

Sexual reproduction is unknown for the trichomon-
ads, but has been observed in some hypermastigotes. In
these organisms, sexual reproduction is well under-
stood, thanks to the work of L. R. Cleveland in the
1950s. A variety of sexual processes are exhibited by hy-
permastigotes, including gametogamy, gamontogamy,
and autogamy. In addition, meiosis can occur in one or
two divisions, depending on the species. Hypermas-
tigotes spend most of their lives as haploids in the di-
gestive tract of wood-eating insects, dividing asexually
by mitosis. Sexual reproduction is stimulated when the
host insect molts and produces the molting hormone,
ecdysone.

An example of a life cycle involving gametogamy is
seen in Trichonympha (Figure 5.45B). In this group, the ga-
metes are anisogametous, the male gamete being smaller
than the female gamete. In some other species that un-
dergo gametogamy, the gametes are isogametous. The
haploid individual encysts and transforms into a ga-
mont. While still encysted, the gamont divides by mito-
sis to produce a pair of flagellated gametes, one male
and one female, which escape from the cyst. The posteri-
or end of the female gamete is modified to form a fertil-
ization cone through which the male gamete enters the
cell. Once the male enters, its body is absorbed by the fe-
male gamete. Nuclear fusion produces a diploid zygote.
Within a few hours, the zygote undergoes a two-division
meiosis, resulting in four haploid cells. Because
Trichonympha are obligate anaerobes in the guts of in-
sects, encysting prior to host molting may allow the in-
sects to maintain their protist symbionts.
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Figure 5.45 Phylum Parabasilida. Reproduction in
parabasilids. (A) Longitudinal binary (asexual) fission in the
trichomonad Devescovina. (B) Sexual reproduction in
Trichonympha (a hypermastigote) (C) Mating activity (fer-
tilization) in Eucomonympha (a hypermastigote), in which
individuals act as gametes. 
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Phylum Cryptomonada
Cryptomonads occur in marine and freshwater habitats,
and one genus, Chilomonas, is a commonly used re-
search tool in biological laboratories. Cryptomonads are
biflagellated cells with a large flagellar pocket, a semi-
rigid cell surface supported by proteinaceous plates
(called the periplast), and a single large mitochondrion
with cristae that appear to be flattened tubes. They con-
tain what is thought to be a reduced photosynthetic eu-
karyotic endosymbiont, expressed as a double mem-
brane–bound region containing ribosomes, starch
grains, a chloroplast, and a unique double membrane–
bounded structure containing DNA called the nucleo-
morph, which is supposedly the remnant of the en-
dosymbiont’s nucleus (Figure 5.46). 

Phylum Microspora 
The 800 or so species of the phylum Microspora (Figure
5.47) are intracellular parasites occurring in nearly every
phylum of animals; some are even found in other pro-
tists, including gregarines and ciliates. Much remains to
be learned about the various stages in the life histories
of microsporans; there is even disagreement about
whether any sexual phases are present. The common
visible form that occurs in host tissues is the spore, and
it is on the basis of the details of spore structure that the
phylum is defined and the species characterized. The
microsporans occur as unicellular, uni- or binucleate
spores within a typically multilayered cyst. The spore
bears a polar cap and a single polar tube (the polar tube
has also been referred to as the polar filament). When a
spore is ingested by a potential host, the polar tube ex-
tends, carrying with it the spore cytoplasm, and attach-
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Figure 5.46  Phyla Cryptomonada and Chlorophyta. (A)
Cryptomonas, a cryptomonad. (B) Volvox, a colonial chloro-
phyte. (C) Chlamydomonas reinhardtii, an autotrophic, uni-
cellular species.

(A) (B) (C)

Figure 5.47  Phylum Microspora. (A)
Spore of Thelohania californica with its
coiled polar tube. (B) Spore of micro-
sporan from the body of the ciliate,
Spathidiopsis (TEM). 
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es to and penetrates cells of the host’s gut wall. These
organisms cause damage to host tissues, and species
that infect commercially important insects (e.g., silk-
worms, honeybees) are of considerable economic im-
portance. Recent molecular evidence suggests they are
related to the fungi.

Phylum Ascetospora 
The ascetosporans are another exclusively parasitic
group of protists. We have little knowledge of their life
histories and they, like microsporans, are characterized
on the basis of spore structure. The spores of most
species are multicellular or distinctly bicellular, al-
though some species are unicellular. The spores lack
polar filaments or tubes.

Phylum Choanoflagellata
The choanoflagellates are stalked, sessile cells existing
singly or in colonies (Figure 5.48). They are distinctive
in that they are seemingly identical to choanocytes, the
flagellated feeding cells of sponges. Like choanocytes,
they have a single flagellum that is encircled by a bas-
ket-like transparent collar. The collar acts as a food-
catching net; feeding is accomplished when food parti-
cles are swept into the collar by the beating of the
flagellum, pressed down against the cell surface, and
engulfed by small pseudopodia. The choanoflagellates
have long been viewed as a transitional link between
the flagellated protists and the sponges, or more specif-
ically, as the actual ancestors of the Metazoa, and DNA
molecular sequence data support this hypothesis. On
the other hand, some protozoologists have suggested
that, because they are not obviously related to any
other protist group, they might actually be highly re-
duced sponges! Common genera include Codosiga,
Monosiga, and Proterospongia.

Phylum Chlorophyta 
Arguing whether to classify the chlorophytes as protists
or plants is a favorite pastime of biologists. Because
some are unicellular and have the protist bauplan, they
are often studied along with the protists. However,
chlorophytes are clearly a paraphyletic group. The
Chlorophyta are commonly called the “green algae” be-
cause of their grassy-green chloroplasts. These chloro-
plasts are very similar to those seen in the multicellular
plants (the kingdom Metaphyta, or Plantae). They have
chlorophylls a and b, and store food as starch (amy-
lose/amylopectin) in their chloroplasts. The chloroplas-
ts are bounded by two membranes, and the thylakoids
are in many-layered stacks (Figure 5.2). Most unicellular

chlorophytes have a cell wall or scales, but not always
made of cellulose. Chlamydomonas, Eudorina, and Volvox
are common genera (Figure 5.46).

Some unicellular chlorophytes form colonies, the best
known of which is Volvox. The individual cells of a
Volvox colony are embedded in the gelatinous surface of
a hollow sphere that may reach a diameter of 0.5 to 1
mm. Each cell has a nucleus, a pair of flagella, a single
large chloroplast, and an eye spot. Adjacent cells are
connected with each other by cytoplasmic strands. But
only a few of the cells are responsible for reproduction.
These colonial forms are often used as an example of the
beginnings of a division of labor and an experiment to-
ward true multicellularity.

Several lineages of chlorophytes have lost their pho-
tosynthetic ability (e.g., Polytoma, Polytonella, and sever-
al groups of Chlamydomonas). In these cases, chlorophyll
may no longer be present (although the carotenoid pig-
ments usually remain) and the organisms have
switched to heterotrophy, often relying on decaying or-
ganic matter for their nutrition.*

Phylum Opalinida
Once classified as protociliates, then as zooflagellates,
their placement here as a separate phylum is meant to
draw attention to the enigmatic nature of the opalinids.
Their numerous oblique rows of cilia differ from the
rows in ciliates in that they lack the kinetidal system.
During asexual reproduction, the fission plane parallels
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Figure 5.48  Phylum Choanoflagellata. The choanoflagel-
late Salpingoeca.

*Photosynthetic plastids (with chlorophyll) are called chloroplas-
ts, and they contain their own DNA (cpDNA). Plastids without
chlorophyll are usually called leucoplasts (and generally contain
lpDNA). Both cpDNA and lpDNA are transcribed and translated
just like nuclear DNA, except these organelle genes are effectively
haploid.



these rows; thus it is longitudinal (as it is in flagellates)
rather than transverse (as it is in ciliates). Some opalin-
ids are binucleate, others multinucleate, but all are
homokaryotic (i.e., the nuclei are all identical).

There are about 150 species of opalinids, in several
genera, almost all being endosymbiotic in the hindgut
of anurans (frogs and toads), where they ingest food
anywhere on their body surface. Sexual reproduction is
by syngamy and asexual reproduction is by binary fis-
sion and plasmotomy, the latter involving cytoplasmic
divisions that produce multinucleate offspring. Opalina
and Protopalina are two genera most commonly encoun-
tered (Figure 5.49). Opalinids are often found in routine
dissections of frogs in the classroom; their large size and
graceful movements through the frog’s rectum make
them a pleasant discovery for students.

Stephanopogon
We must briefly mention the enigmatic genus Steph-
anopogon (Figure 5.50). These organisms have played an
important role in phylogenetic speculations regarding
protist evolution. Several theories have implicated
Stephanopogon not only in the origin of the ciliates from a
flagellate ancestor and in the origin of the ciliate binu-
clear condition, but also in the origin of the Metazoa
from a ciliate protist line. Until recently, Stephanopogon
was classified in the phylum Ciliophora because they
have a conspicuous cytostome and rows of cilia. In 1982,
however, D. L. Lipscomb and J. O. Corliss provided evi-
dence based on ultrastructural studies that these protists
have little in common with ciliates and are probably
more closely related to euglenids. Lipscomb and Corliss
found that the two (or up to 16) nuclei of Stephanopogon
are identical, rather than differentiated into macro- and
micronuclei as they are in the ciliates (this long-ignored
fact was actually first noticed in the 1920s). Nuclear di-
vision is very much like that seen in euglenids and kine-
toplastids. While Stephanopogon cells have an unusually

short kinetosome at the base of each flagellum, these are
not associated with the typical ciliate kinetidal system.
Lipscomb and Corliss pointed out that Stephanopogon
appears to be far from the main trunk on any phyloge-
netic tree that depicts the origin of ciliates, and they also
demonstrated that the use of Stephanopogon to derive the
Metazoa from a ciliate ancestry is no longer plausible.

Protist Phylogeny
We can do no more than touch upon the myriad ques-
tions and interesting points of view concerning the ori-
gin and evolution of the protists. Beyond the problems
of relationships among the various protist groups them-
selves, we are faced on one hand with questions about
the very origin of eukaryotic life on Earth, and on the
other with interpreting the ancestral forms of the rest of
the living world. The origin of eukaryotic cells probably
took place 2 to 2.5 billion years ago, and this event
marked the origin of the protist grade of life. Although
there are over 30,000 known fossil species of protists,
they are of little use in establishing the origin or subse-
quent evolution of the various protist groups. Only
those with hard parts have left us much of a fossil
record, and only the foraminiferans and radiolarians
have well established records in Precambrian rocks (and
there is some debate even about this). The origin of the
eukaryotic condition was, of course, a momentous
event in the biological history of the Earth, for it enabled
life to escape from the limitations of the prokaryotic
bauplan by providing the various subcellular units that
have formed the basis of specialization among the
Protista and the Metazoa.

Of the number of hypotheses explaining how eu-
karyotes might have evolved, the most popular is the
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Figure 5.49  Phylum Opalinida. Opalina. 

Figure 5.50  The enigmatic protist, Stephanopogon. 



serial endosymbiotic theory (SET). Figure 5.51 outlines
the basic steps in the transition from a prokaryotic to a
eukaryotic condition according to this theory. The
premise in this model is that the eukaryotes arose
through intimate symbiotic relationships between vari-
ous prokaryotic cells, a series of macroevolutionary
events called symbiogenesis. Unlike prokaryotic cells,
all eukaryotic cells contain several kinds of membrane-
bounded organelles that harbor distinct genetic 
systems. Three classes of organelles—mitochondria,
cilia/flagella, and plastids — are hypothesized to have
once been free-living prokaryotes that were acquired
symbiotically and in a certain sequence by another
(host) prokaryote. For example, molecular genomic evi-
dence suggests that eukaryotic mitochondria evolved
by way of a symbiotic relationship with a class of free-
living prokaryotes called α-proteobacteria. Hence, the
functions now performed by these various eukaryotic
organelles are postulated to have evolved long before
the eukaryotic cell itself evolved. SET suggests that a
prokaryotic heterotroph ingested other, mitochondrion-
like prokaryotes and, roughly at the same time, began
forming an organized nucleus.  Subsequently, this non-
motile cell established a symbiotic relationship with yet
another prokaryote in the form of a spirochete or spiro-
plasma bacterium attached to the outside of the cell.
Such bacteria contain protein microtubules and are ca-
pable of something like flagellar activity; thus a
protoflagellate evolved. Eventually a photosynthetic
prokaryote was engulfed by this now-eukaryotic organ-
ism, the “prey” representing a chloroplast precursor—
thus, the origin of the “phytoflagellates” (autotrophic

flagellates). Lynn Margulis believes this photosynthetic
prokaryote might have been a bacterium that evolved in
an anaerobic environment very early in the history of
life. The type of photosynthesis that produces oxygen
would have evolved later, and oxygen-respiring organ-
isms still later, after photosynthetically produced oxy-
gen began accumulating in the environment.

There is now a great deal of evidence in support of
SET. For example, there are prokaryotic organisms that
are very similar to those SET views as symbionts in this
story. Comparisons of rRNA sequences provide some
support for the endosymbiotic origin of mitochondria
from aerobic bacteria. From this symbiotic basis the
modern protist groups may be derived in a variety of
ways (e.g., Figure 5.51). Although the eukaryotes prob-
ably arose only once, most workers believe that the pro-
tists are a paraphyletic group (i.e., many different
groups that evolved out of the Protista are not classified
as protists). The Protista contains a heterogeneous mix
of organisms at intermediate levels of organization and
with equivocal boundaries with multicellular taxa.
There is no agreed-upon view of how protists are inter-
related or how they should be classified, and our taxo-
nomic arrangement is just one of many competing
views.

The origins of the various multicelled groups proba-
bly lie among several different protist ancestors, and
some protist groups are probably no more than unicel-
lular members of lineages that spawned multicellular
taxa. For example, other than the embryonic formation
of tissues, there seems to be no clear, single boundary
between the unicellular chlorophytes and the green
plants, or the choanoflagellates and sponges, or the
chrysophytes and multicellular brown algae. Of course,
not all unicellular forms are related to one of the multi-
cellular kingdoms. There is evidence that some protists
(e.g., rhizopodans, euglenids, ciliates) are independent
lineages and are not related to any multicellular organ-
isms. It is clear that the commonly used six-kingdom
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Figure 5.51  A simple model of the origin of eukaryotic
cells by symbiosis (the serial endosymbiotic theory). The
three major events depicted are: acquisition of an aerobic
heterotrophic prokaryote (origin of mitochondrion); acqui-
sition of a spirochate or spiroplasma-like prokaryote (origin
of flagellum); and acquisition of an autotrophic prokaryote
(origin of chloroplast). 
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classification scheme and traditional categories (such as
zooflagellate, phytoflagellate, and sarcodine) are over-
simplified and inadequate for describing the true histo-
ry and nature of diversity at this level. Ultimately, multi-
ple new kingdoms—based on very different criteria
than have traditionally been used—may have to be
erected. Determining what and how many of these cate-
gories there might be is not an easy task. Perhaps the
most empirical approach to these problems has been
Diana Lipscomb’s attempts to develop cladograms of
the eukaryotic “kingdoms.” Lipscomb’s analyses sug-

gest that the eukaryotes comprise 13 distinct lineages,
each perhaps warranting “kingdom” status.

We realize that we have slighted the protists, and es-
pecially their evolution, in our necessarily limited treat-
ment here. However, we hope that you have gained
enough information about their complexity and diversi-
ty to appreciate their success, that you have an appreci-
ation of the unicellular bauplan, and that you are now
aware of the many unsolved problems that await fur-
ther work in the realm of protist biology.

176 CHAPTER FIVE

UNCORRECTED PAGE PROOFS



UNCORRECTED PAGE PROOFS
THE PROTISTS 177

Gibbons, I. R. and A. V. Grimstone. 1960. On flagellar structure in cer-
tain flagellates. J. Biophys. Biochem. Cytol. 7: 697–716.

Gojdics, M. 1953. The Genus Euglena. University of Wisconsin Press,
Madison. [Includes keys, descriptions, and figures of all species
known at the time.]

Gooday, A. 1984. Records of deep-sea rhizopod tests inhabited by
metazoans in the north-east Atlantic. Sarsia 69: 45–53.

Grain, J. 1986. The cytoskeleton of protists. Int. Rev. Cytol. 104:
153–249.

Grassé, P. (ed.). 1952. Traite de Zoologie. Vol. 1, pts. 1–2. Masson et Cie,
Paris.

Grell, K. B. 1973. Protozoology. Springer-Verlag, New York. [This trans-
lation from the original German text is a classic and among the
very best of protozoology texts. Although beginning to fall out of
date on certain subjects, it remains a most valuable resource.]

Grimes, G. W. 1982. Pattern determination in hypotrich ciliates. Am.
Zool. 22: 35–46.

Groto, K., D. L. Laval-Martin and L. N. Edmunds Jr. 1985. Biochemical
modeling of an autonomously oscillatory circadian clock in
Euglena. Science 228: 1284–1288.

Hanson, E. D. 1967. Protist development. In M. Florkin and B. J. Sheer
(eds.), Chemical Zoology, Vol. 1. Academic Press, New York.

Hanson, E. D. 1977. The Origin and Early Evolution of Animals.
Wesleyan University Press, Middletown, Connecticut, and Pitman
Publishing Ltd., London. [Contains nearly 300 pages on the pro-
tists.]

Harrison, F. W. and J. O. Corliss. 1991. Protozoa. In, F.W. Harrison (ed.),
Microscopic Anatomy of Invertebrates, Vol. 1. Wiley-Liss, New York.

Hausmann, K. and R. Peck. 1979. The mode of function of the cy-
topharyngeal basket of the ciliate Pseudomicrothorax dubius.
Differentiation 14: 147–158.

Hausmann, K. and P. C. Bradbury. 1996. Ciliates: Cells as Organisms.
Gustav Fischer, Stuttgart.

Hausmann, K. and N. Hülsmann. 1996. Protozoology. 2nd Ed. Georg
Thieme Medical Publishers, Inc., New York.

Hedley, R. H. and C. G. Adams (eds.). 1974. Foraminifera. Academic
Press, New York.

Hoek, C. van den, D. G. Mann and H. M. Jahns. 1995. Algae.
Cambridge Univ. Press, Cambridge.

Hyman, L. H. 1940. The Invertebrates. Vol. 1, Protozoa through
Ctenophora. McGraw-Hill, New York.

Issi, I. V. and S. S. Shulman. 1968. The systematic position of
Microsporidia. Acta Protozool. 6: 121–135.

Jahn, T. L. 1961. The mechanism of ciliary movement. I. Ciliary rever-
sal and activation by electric current; the Ludloff phenomenon in
terms of core and volume conductors. J. Protozool. 8: 369–380.

Jahn, T. L. 1962. The mechanism of ciliary movement. II. Ion antago-
nism and ciliary reversal. J. Cell. Comp. Physiol. 60: 217–228.

Jahn. T. L. 1967. The mechanism of ciliary movement. III. Theory of
suppression of reversal by electric potential of cilia reversed by
barium ions. J. Cell. Physiol. 70: 79–90.

Jahn, T. L. and E. C. Bovee. 1964. Protoplasmic movements and loco-
motion of Protozoa. In S. H.  Hutner (ed.), Biochemistry and
Physiology of Protozoa, Vol. 3. Academic Press, New York.

Jahn, T. L. and E. C. Bovee. 1967. Motile behavior of Protozoa. In
T.-T. Chen (ed.), Research in Protozoology, Vol. 1. Pergamon Press,
Oxford.

Jahn, T. L., E. C. Bovee and F. F. Jahn. 1979. How to Know the Protozoa,
2nd Ed. W. C. Brown, Dubuque, IA.

Jahn, T. L., W. M. Harmon and M. Landman. 1963. Mechanisms of lo-
comotion in flagellates. I. Ceratium. J. Protozool. 10: 358–363.

Jahn, T. L., M. Landman and J. R. Fonesca. 1964. The mechanism of lo-
comotion of flagellates. II. Function of the mastigonemes of
Ochromonas. J. Protozool. 11: 291–296.

Jeon, K. W. (ed.). 1973. The Biology of Amoeba. Academic Press, New
York. [21 of the world’s ameba specialists contributed to this fine
book dealing with all aspects of biology of free-living amebas.]

Jepps, M. W. 1956. The Protozoa: Sarcodina. Oliver and Boyd,
Edinburgh.

Jones, A. R. 1974. The Ciliates. St. Martin’s Press, New York.
Jurand, A. and G. G. Selman. 1969. The Anatomy of Paramecium aurelia.

Macmillan, London, and St. Martin’s Press, New York. [All you

ever wanted to know about the anatomy of Paramecium. Many fine
illustrations and micrographs.]

Kreier, J. P. 1991–1994. Parasitic Protozoa [eight volumes], 2nd Ed.
Academic Press, New York.

Kudo, R. R. 1966. Protozoology, 5th Ed. Charles C. Thomas, Springfield,
Illinois. [Dated, but still a good treatment.]

Laybourn-Parry, J. 1985. A Functional Biology of Free-Living Protozoa.
University of California Press, Berkeley.

Lee, J. J., S. H. Hunter and E. C. Bovee (eds.).  1985. An Illustrated Guide
to the Protozoa. Allen Press, Lawrence, Kansas. Published for the
Society of Protozoologists. [Includes coverage of systematics and
phylogenetics, as well as keys to most groups.]

Lee, J. J. and O. R. Anderson. 1991. Biology of Foraminifera. Academic
Press, London.

Leedale, G. F. 1967. Euglenoid Flagellates. Prentice-Hall, Englewood
Cliffs, NJ.

Levandowsky, M. and S. H. Hutner (eds.). 1979–1981. Biochemistry and
Physiology of Protozoa. Vols. 1–4. Academic Press, New York. [A
scholarly series of state-of-the-art reviews on various aspects of
protist physiology and chemistry.]

Levine, N. D. 1985. Veterinary Protozoology. Iowa State Univ. Press,
Ames, IA.

Levine, N. D. 1988. The Protozoan Phylum Apicomplexa. Vols. 1–2. CRC
Press, Boca Raton, Florida. [Provides diagnoses of all genera and
species.]

Levine, N. D. and 15 others. 1980. A newly revised classification of the
Protozoa. J. Protozool. 276(1): 37–58. [A glimpse at the world of
“protist” systematics in 1980; remains a valuable source of infor-
mation.]

Lumsden, W. H. R. and D. A. Evans (eds.). 1976, 1979. Biology of the
Kinetoplastida. Vols. 1 and  2. Academic Press, New York.

Lynn, D. H. and P. Didier. 1978. Caractéristiques ultrastructurales du
cortex somatique et buccal du cilié Colpidium campylum quant à
la position systématique de Turaniella. Can. J. Zool. 56:
2336–23430.

Lynn, D. H. and E. B. Small. 1988. An update on the systematics of 
the phylum Ciliophora: the implications of kinetid diversity. 
Bio Systems 21: 317–322.

Mackinnon, D. L. and R. S. Hawes. 1961. An Introduction to the Study of
Protozoa. Clarendon Press, Oxford.

Margulis, L. and K. V. Schwartz. 1988. Five Kingdoms. 2nd Ed. W. H.
Freeman, New York.

Margulis, L., J. O. Corliss, M. Melkonian and D. J. Chapman (eds.).
1989. Handbook of Protoctista. Jones and Bartlett, Boston.

Mazier, D., R. and 11 other authors. 1985. Complete development of
hepatic stages of Plasmodium falciparum in vitro. Science 227:
440–442.

Møestrup, Ø. 1982. Flagellar structure in algae: a review with new 
observations particularly on the Chrysophycea, Phaeophyceae,
Euglenophyceae and Reckertia. Phycol. 21: 427–528.

Mohr, J. L., H. Matsudo and Y.-M. Leung. 1970. The ciliate taxon
Chonotricha. Oceanogr. Mar. Biol. Annu. Rev. 8: 415–456.

Moldowan, J. M. and N. M. Talyzina. Biogeochemical evidence for 
dinoflagellate ancestors in the early Cambrian. Science 281:
1168–1170.

Murray, J. W. 1971. An Atlas of British Recent Foramaniferids. Heine-
mann, London.

Murray, J. W. 1973. Distribution and Ecology of Living Benthic
Foraminiferida. Crane, Russak, New York.

Nigrini, C. and T. C. Moore. 1979. A Guide to Modern Radiolaria. Special
Publ. No. 16, Cushman Foundation for Foraminiferal Research,
Washington, DC.

Nisbet, B. 1983. Nutrition and Feeding Strategies in Protozoa. Croom
Helm Publishers, London.

Ogden, C. G. and R. H. Hedley. 1980. An Atlas of Freshwater Testate
Amoebae. Oxford University Press, Oxford. [A book of magnificent
SEM photographs of ameba shells accompanied by descriptions of
the species.]

Olive, L. S. 1975. The Mycetozoans. Academic Press, New York. 
Page, F. C. 1984. Gruberella flavescens (Gruber, 1889), a multinucleate lo-

bose marine amoeba (Gymnamoebia). J. Mar. Biol. Assoc. U.K. 64:
303–316.



UNCORRECTED PAGE PROOFS
Patterson, D. J. 1980. Contractile vacuoles and associated structures:

Their organization and function. Biol. Rev. 55: 1–46.
Patterson, D.J. 1996. Free-Living Freshwater Protozoa. A Colour Guide.

John Wiley & Sons, NY.
Patterson, D. J. and J. Larsen. 1991. The Biology of Free-Living

Heterotrophic Flagellates. Clarendon Press, Oxford.
Patterson, D. J. and S. Hedley. 1992. Free-Living Freshwater Protozoa.

Wolfe Publ. 
de Puytorac, P. and J. Grain. 1976. Ultrastructure du cortex buccal et

évolution chez les Ciliés. Protistologica 12: 49–67.
Raikov, I. B. 1982. The Protozoan Nucleus: Morphology and Evolution. Cell

Biol. Monogr. 9. Springer-Verlag, New York.
Raikov, I. B. 1994. The diversity of forms of mitosis in protozoa: a com-

parative review. European J. Protistology 30: 253–259.
Roberts, L. S. and J. Janovy, Jr. 1996. Foundations of Parasitology. 5th Ed.

Wm. C. Brown. Chicago, IL.
Roth, L. E. 1960. Electron microscopy of pinocytosis and food vacuoles

in Pelomyxa. J. Protozool. 7: 176–185.
Sandon, H. 1963. Essays on Protozoology. Hutchinson Educational Ltd.,

London. [We like the way this little book is written; it is lively and en-
tertaining reading and provides a nice introduction to the protists.]

Schmidt, G. D. and L. S. Roberts. 1989. Foundations of Parasitology. 4th
Ed. Times Mirror/Mosby College Publishing, NY.

Seliger, H. H. (ed.). 1979. Toxic Dinoflagellate Blooms. Elsevier/North
Holland, NY.

Seravin, L. N. 1971. Mechanisms and coordination of cellular locomo-
tion. Comp. Physiol. Biochem. 4: 37–111.

Siddall, M. E., D. S. Martin, D. Bridge, S. S. Desser and D. K. Cone.
1995. The  demise of a phylum of protists: phylogeny of Myxozoa
and other parasitic Cnidaria. J. Parasitol. 81: 961–967.

Sleigh, M. A. (ed.). 1973. Cilia and Flagella. Academic Press, London.
Sleigh, M. A. 1989. Protozoa and Other Protists.  2nd Ed.Edward Arnold,

London.  [This is the second edition of Sleigh’s Biology of Protozoa.]
Smothers, J. F., C. D. von Dohlen, L. H. Smith, Jr. and R. D. Spall. 1994.

Molecular evidence that the myxozoan protists are metazoans.
Science 265: 1719–1721.

Spector, D. (ed.). 1984. Dinoflagellates. Academic Press, NY.
Spoon, D. M., G. B. Chapman, R. S. Cheng and S. F. Zane. 1976.

Observations on the behavior and feeding mechanisms of the suc-
torian Heliophyra erhardi (Reider) Matthes preying on Paramecium.
Trans. Am. Microsc. Soc. 95: 443–462.

Sprague, V. 1977. Classification and phylogeny of the Microsporidia.
In L. A. Bulla and T. Cheng (eds.), Comparative Pathobiology, Vol. 2,
Systematics of the Microsporida. Plenum, New York.

Steidinger, K. A. and E. R. Cox. 1980. Free-living dinoflagellates. In E.
R. Cox (ed.), Phytoflagellates. Elsevier/North-Holland, New York.

Steidinger, K. A. and K. Haddad. 1981. Biologic and hydrographic as-
pects of red tides. BioScience 31(11): 814–819.

Stoecker, D. K., M. W. Silver, A. E. Michaels and L. H. Davis. 1988.
Obligate mixotrophy in Laboea strobila, a ciliate which retains
chloroplasts. Mar. Biol. 99: 415–423.

Tartar, V. 1961. The Biology of Stentor. Pergamon Press, New York.
Taylor, F. J. R. 1987. The Biology of Dinoflagellates.  Blackwell Scientific

Publications, Palo Alto, CA.
Taylor, G. T. 1982. The role of pelagic heterotrophic protozoa in nutri-

ent cycling: A review. Ann. Inst. Oceanogr., Paris 58: 227–241.
Trench, R. K. 1980. Uptake, retention and function of chloroplasts 

in animal cells. In W. Schwemmler and H. Schenk (eds.), Endo-
cytobiology. Vol. I. Walter de Gruyter, Berlin, pp. 703–730.

van Wagtendonk, W. J. (ed.). 1974. Paramecium: A Current Survey.
Elsevier, New York.

Vickerman, K. and F. E. G. Cox. 1967. The Protozoa. Houghton Mifflin,
Boston.

Vickerman, K. and L. Tetley. 1977. Recent ultrastructural studies on
trypanosomes. Ann. Soc. Blege Med. Trop. 57: 444–455.

Wefer, G. and W. H. Berger. 1980. Stable isotopes in benthic
Foraminifera: Seasonal variation in large tropical species. Science
209: 803–805.

Wichterman, R. 1986. The Biology of Paramecium, 2nd Ed. Plenum, New
York. [A major reference.]

Protist Phylogeny
Cavalier-Smith, T. 1975. The origin of nuclei and of eukaryotic cells.

Nature (London) 256: 463–468.
Corliss, J. O. 1972. The ciliate Protozoa and other organisms: Some un-

resolved questions of major phylogenetic significance. Am. Zool.
12: 739–753.

Corliss, J. O. 1974. Time for evolutionary biologists to take more inter-
est in protist phylogenetics? Taxon 23: 497–522.

Corliss, J. O. 1975. Nuclear characteristics and phylogeny in the protis-
tan phylum Ciliophora. BioSystems 7: 338–349.

Corliss, J. O. 1981. What are the taxonomic and evolutionary relation-
ships of the protozoa to the Protista? BioSystems 14: 445–459.

Gray, M. W. 1992. The endosymbiont hypothesis revisited. Internat.
Rev. Cytol. 141: 223–357.

Gray, M. W. and W. F. Doolittle. 1982. Has the endosymbiont hypothe-
sis been proven? Microbiol. Rev. 46: 1–42.

Jeon, K. W. (ed.). 1983. Intracellular Symbiosis. Int. Rev. Cytol. (Suppl.)
14: 1–379.

John, P. and F. W. Whatley. 1975. Paracoccus dentrificans: A present-day
bacterium resembling the hypothetical free-living ancestor of the
mitochondrion. Symp. Soc. Exp. Biol. 29: 39–40.

Kabnick, K. S. and D. A. Peattie. 1991. Giardia: a missing link between
prokaryotes and eukaryotes. Amer. Scientist 79: 34–43.

Lipscomb, D. L. 1985. The eukaryote kingdoms. Cladistics 1: 127–140.
Lipscomb, D. L. 1989. Relationships among the eukaryotes.  In B.

Fernholm, F. Bremer and H. Jornvall (eds.), Hierarchy of Life.
Excerpta Medica, Amsterdam, pp. 161–178.

Lipscomb, D. L. 1991. Broad classification: the kingdoms and the pro-
tozoa.  In J. R. Baker (ed.), Parasitic Protozoa, 2nd Ed. Academic
Press, London, pp. 81–136.

Lipscomb, D. L. and J. O. Corliss. 1982. Stephanopogon, a phylogeneti-
cally important “ciliate,” shown by ultrastructural studies to be a
flagellate. Science 215: 303–304.

Lipscomb, D. L., J. S. Farris, M. Källersjö and A. Tehler. 1998. Support,
ribosomal sequences and the phylogeny of the eukaryotes.
Cladistics 14(4): 303–338.

Mahler, H. A. and R. A. Raff. 1975. The evolutionary origin of the mi-
tochondrion: A non-symbiotic model. Int. Rev. Cytol. 43: 1–124.
[An argument against the serial symbiosis theory.]

Margulis, L. 1970. Origin of Eukaryotic Cells. Yale University Press, New
Haven, CT.

Margulis, L. 1976. The genetic and evolutionary consequences of sym-
biosis. Exp. Parsitol. Rev. 39: 277–349.

Margulis, L. 1978. Microtubules in prokaryotes. Science 200: 1118–
1124.

Margulis, L. 1980. Flagella, cilia, and undulipodia. BioSystems 12:
105–108.

Margulis, L. 1981. Symbiosis in Cell Evolution. W. H. Freeman, San
Francisco. [An assessment of the serial endosymbiotic theory and
a review of the evolution of life on Earth.]

Pohley, H. J., R. Dornhaus and B. Thomas. 1978. The amoebo-flagellate
transformation: A system-theoretical approach. BioSystems 10:
349–360.

Raff, R. A. and H. A. Mahler. 1975. The symbiont that never was: An
inquiry into the evolutionary origin of the mitochondrion. Symp.
Soc. Exp. Biol. 29: 41–92.

Ragan, M. A. and D. J. Chapman. 1978. A Biochemical Phylogeny of the
Protists. Academic Press, New York. [An exhaustive treatment of
the biochemical data available on protists and their evolutionary
implications.]

Raikov, I. B. 1976. Evolution of macronuclear organization. Annu. Rev.
Genet. 10: 413–440.

Schwartz, R. M. and M. Dayhoff. 1978. Origins of prokaryotes, eu-
karyotes, mitochondria, and chloroplasts. Science 199: 395–403.

Spoon, D. M., C. J. Hogan, and G. B. Chapman. 1995. Ultrastructure of
a primitive, multinucleate, marine cyanobacteriophagous amoeba
(Euhyperamoeba biospherica n. sp.) and its possible significance in
the evolution of the eukaryotes. Invertebrate Biol. 114 (3): 189–201.

Taylor, F. J. R. 1976. Flagellate phylogeny: A study in conflicts. J.
Protozool. 23:2 8–40.

Williams, A. G. and G. S. Coleman. 1992. The Rumen Protozoa. Springer
Verlag, Berlin.

178 CHAPTER FIVE


