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Summary

Parasitic associations are extremely frequent, and parasitism as a mode of life has
evolved in almost all groups of organisms. It is estimated that nearly half of the known
animal taxa are parasitic during part or the whole of their life. Except for medical and
veterinary aspects, this incredibly rich component of our biodiversity is little studied
and most frequently omitted from surveys and inventories, despite its crucial role in the
functioning of ecosystems. In this chapter, a systematic survey of animal (but not plant,
unicellular or microbial) parasites is presented, reviewing both classical groups and
lesser-known forms. No special emphasis is placed on veterinary, medical or otherwise
economically important taxa, and all true parasite groups are presented globally. The
most important of them are the Platyhelminthes (flatworms), including the flukes and
tapeworms; the nematodes (roundworms); and the arthropods, including the insects,
mites and crustaceans. Smaller groups, such as the acanthocephalans, gastropods,
leeches and all other animal phyla with typical parasites, are also introduced. In most
cases, a brief report of the taxon’s characteristics and diversity is given, together with
information on its peculiarities — anatomical or ecological - directly linked to its
parasitic life-style. Some examples are also included. Particular emphasis is given to the
taxonomic organization and the phylogenetic position of the cited organisms, with the
aim of this work being an entry point for, and a reference source to, acquiring further
information on animal parasites.

“But to a small subset of human beings
parasites are glorious creatures, no less
part of Darwin’s tangled bank than
organisms more acceptable to
anthropocentric idealization.”

D. Brooks & D. McLennan, Parascript,
1993

1. Introduction and Scope

Parasitism has appeared many times during the course of animal evolution, and
probably well over 100 times in the history of life (Poulin, 2011). Today, almost all of
the recognized metazoan phyla include members that have selected parasitism as a
mode of life. Thus, although parasites are often difficult to observe, they are in fact
omnipresent, and much more diverse than usually suspected.
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This contribution aims at surveying and briefly introducing this diversity, following the
lines of biological systematics. In order to maintain some homogeneity, only animal
parasites of other animals will be presented and other important groups of parasitic
organisms, such as protozoans, fungi or plants, will not be considered here. Similarly
phytoparasitic animals will also be excluded from this review.

In the same way, and despite the fact that biological categories are sometimes difficult
to define precisely, only "true" parasites will be listed, and organisms with different
types of symbiotic relationships, such as mutualists, will not be treated here.

The exact nature of a parasitic association is often difficult to establish, and despite our
rather clear appreciation of the various types of symbiotic relationships known to occur
(Poulin, 2011), the interpretation of many specific cases remain challenging. In this
context, we define parasitism as a lasting heterospecific interaction in which one of the
partners (the parasite) is dependent on the resources of the other (the host) (but see
chapter 10). This interaction can last for the whole or only part of the parasite’s life, and
the resources offered by the host can be diverse, but the interaction will be at the
physiological level (and not, for instance, merely phoretic).

As far as possible, a complete systematic survey of animal parasites will be presented,
meaning that no special emphasis will be given to taxa of particular medical or
veterinary significance. Even though economically important parasites are much better
known than forms found in wild and poorly studied hosts, the latter are more numerous
than the former. Obviously, a complete morphological description of each group goes
far beyond the scope of this text; however, some information on important characters,
either morphological or ecological (life cycles) associated with the taxa, are presented
wherever deemed appropriate.

2. Zoological Classification and References

The major groups of animals (phyla) are rather well defined and hypotheses for
explaining their evolutionary relationships in many cases exist. However, these
hypotheses are, by nature, subject to constant refinements, making nomenclature
instable. This is even truer for the relatively poorly known groups of organisms to
which many parasites belong. As a consequence, no single nomenclatural reference can
be used for all the taxa considered below, and appropriate references will be given for
each of them separately.

As the aim of this text is to present a general overview of parasite diversity, we avoid
giving details on lower taxonomic levels of the groups considered. In most cases only
major taxa will be introduced and a few specific examples given. In accordance with
good taxonomic practice, the authors of each taxon cited will be mentioned after its first
occurrence.

3. Parasites Biology
Like all living organisms, parasites show a number of adaptations and specializations to

their particular mode of life. These are extremely diverse and will not be detailed here.
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It is however important to remember that these adaptations occur at both morphological
and physiological levels. They can concern the locomotory (often reduced), attachment
(often developed), digestive, sensorial or physiological (specialized) or immunological
(efficient) systems, as well as, of course, reproduction. The latter is typically very
efficient and frequently allows for a considerable production of eggs and/or juveniles.
The most typical adaptation to parasitism is, however, in the selection of extraordinarily
specialized, often complicated and sometimes surprisingly original life cycles (despite
the fact that these life cycles can be reduced to a limited number of fundamental
scenarios (Poulin, 2011)). One should indeed remember that the most challenging task
of a parasite is to insure access to a new host for its descendants. The conjunction of this
obvious goal and the constraints of a living environment have led to the development of
various strategies, involving for example the use of additional hosts for the transmission
of larval forms or even the induction of behavioral modifications in the hosts for
increasing the reproductive success of the parasites. Many examples of both of these
types of adaptations can be found in textbooks (e.g. Cheng, 1986; Bush et al., 2001) or
in more specialized references (e.g. Combes, 2001; 2005; Poulin, 2007).

4. The Diversity of Animal Parasites

Some groups of animals, such as flatworms or roundworms are well known for their
parasitic mode of life. This is especially so for the several representatives of these
groups which commonly infest humans. Others, such as acanthocephalans, are only
known by specialists, but are remarkable in their adaptations to parasitism and represent
classical examples of obligatory parasites. Finally, some other groups, such as
crustaceans or mollusks, which are well known for being free-living, have only a few
lineages that have evolved a parasitic life style. Globally, parasitic taxa are known from
almost all animal phyla and it is estimated that possibly a third to a half of the known
animals are parasitic during a whole or part of their life. In term of parasitic species
numbers, the most important groups are the Arthropoda (400,000), Platyhelminthes
(>20,000) and the Nematoda (16,000). Other important groups are the Mollusca (7,000),
the spiny-headed worms (Acanthocephala) (1,200) and the Annelida (1,000), whereas
the remaining animal parasites are distributed in many other phyla (de Meels &
Renaud, 2002; Chapman, 2009). These figures are obviously only minimal
approximates, as neither the complete diversity nor the exact biology of most groups is
known.

5. Platyhelminthes Gegenbaur, 1859

The flatworms form one of the major groups of parasitic animals. About 80% of the
over 23,000 known species are parasites. Trematodes, tapeworms and monogeneans are
exclusively parasites and represent the largest groups of flatworms. Together they form
the Neodermata Ehlers, 1985, which is characterized by a number of ultrastructural
features, especially a unique type of tissue covering the body of adults, i.e. syncytial
neodermis. Besides these major groups of parasites, a few taxa among the free-living
platyhelminths, the so-called "Turbellaria”, have also evolved a parasitic life style. The
higher systematics of flatworms is still a matter of contention; although most of the
larger groups are identified, some of their relationships remain uncertain (Ehlers, 1985;
Littlewood et al. 1999a; 1999b; Littlewood & Bray, 2001).

©Encyclopedia of Life Support Systems (EOLSS)



BIOLOGICAL SCIENCE FUNDAMENTALS AND SYSTEMATIC — Systematics of animal parasites — Mariaux Jean

Flatworms are cosmopolitan and live in all type of habitats, but the majority are marine.
Adults can be found on or in all groups of vertebrates, and their larvae use a diversity of
vertebrates and/or invertebrates as intermediate hosts. A few groups of flatworms are
especially well known because they parasitize humans; however, these are not really
representative of the diversity of the phylum, as most parasitic platyhelminths are found
in or on fishes.

5.1. Parasitic « Turbellaria »

The name ‘Turbellaria’ is commonly used for all non-neodermatan flatworms, although
the group is widely recognized as being polyphyletic. This also usually implies that
these non-neodermatan forms are free-living, which is not always the case, since several
turbellarians exhibit various types of symbiotic association, the exact nature of which is
often difficult to determine. The ‘Turbellaria’ consists of many lineages, to which we
should add the acoels, whose systematic position is still very uncertain. Most of these
lineages include some symbiotic forms, which are usually associated with marine
invertebrates, such as echinoderms, crustaceans or mollusks. However, it is likely that
only a few of them can be considered as true parasites, and even these exhibit little or
no morphological modification associated with this life-style (Jennings, 1971). The
systematics of the group is not fixed, but the system of Tyler et al. (2006-2010) is
adopted here.

Acoela Uljanin, 1870. Whether these mysterious, very simple and tiny worms belong to
the Platyhelminthes is contentious. They have been considered as an independent basal
lineage within the Bilateria, flatworms and even a member of the Deuterostomia (Egger
et al., 2009; Philippe et al., 2011). Several taxa are probably parasitic, or at least
endocommensal, in sea urchins or echinoids. Some species are closely associated with
corals (e.g. Waminoa Winsor, 1990), but their exact impact on their host is not clear.

Rhabdocoela Meixner, 1925. A number of families in this group harbor parasitic
forms: the Graffillidae Graff, 1904 and Provorticidae Beklemischev, 1927 are parasites
of lamellibranch mollusks and other flatworms. The Umagillidae Wahl, 1910 is a rather
large group of more than 50 species, which are essentially associated with holothurians
and echinoids. Many of them are considered commensals, but parasitism is known in
some genera, such as Syndesmis Francgois, 1886 in echinoderms. Specimens of the
monotypic Acholadidae Hickman & Olsen, 1955 live encysted in a starfish.

Temnocephalida Blanchard, 1849. About 150 species are known. These small worms
(a few mm long) are characterized by a posterior adhesive disc and anterior tentacles,
which are obvious attachment organs. They live on freshwater crustaceans hosts, mostly
in Australia and South America, but are also known to occur on mollusks and turtles.
The nature of the interaction of temnocephalids with their hosts is unclear but most
seem to be commensals rather than parasites.

Fecampiida Rohde, Luton & Johnson, 1994. These might be a sister group of the
Neodermata. The Fecampiidae Graff, 1903 comprise three genera and about 20 species.
All of them are endoparasites of crustaceans or annelids. Members of Kronborgia
Christensen & Kanneworff, 1964 are unusual for turbellarians by being dioecious.
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Prolecithophora Karling, 1940. Also known as the Alloeocoela, this group consists of
a few marine parasitic forms in the families Cylindrostomatidae Reisinger, 1924 and
Hypotrichinidae Bresslau, 1928. They are usually found in lamellibranchs, although
species of Ichthyophaga Lesson, 1843 parasitize fishes.

5.2. Cestoda Rudolphi, 1808

The cestodes are exclusively endoparasites, lack a gut and consist of two subclasses: the
smaller “Cestodaria” monozoic forms, with about 25 known species, and the much
larger, Eucestoda (tapeworms or true cestodes) which are mainly segmented, with over
5,000 species. The latter is formed of about 16 orders (Khalil, Jones & Bray, 1994;
Caira & Jensen, 2010). Cestodes infest all classes of vertebrates, except for primitive
jawless fishes (Agnatha Cope, 1899). They are particularly diversified in bony fishes,
selachians and homeotherms but less common in reptiles and amphibians. The
phylogenetic classification of the group is still not fully resolved, despite many recent
attempts. However, the present consensus is for the eucestodes from homeotherms to be
derived within the class, whereas cestodarians and eucestodes from bony fishes are
basal (Littlewood & Bray, 2001; Waeschenbach et al., 2007).

5.2.1. “Cestodaria”

The Cestodaria is a paraphyletic group retained here for the sake of convenience. It
belongs to the Neodermata and is closely related to the true tapeworms. It comprises
two small groups of fairly different animals: the Amphilinidea and the Gyrocotylidea.
Both groups are small and of no economic importance. They share a typical ten-hooked
larva (Rohde, 1994).

Amphilinidea Poche, 1922. Only 8 species are known. They are large unsegmented,
leaf-like worms, reaching 10-30 cm in length. Amphilinideans possess an anterior
attachment organ; parasitize the body cavity of chondrosteans (sturgeons), teleosts and
turtles; and use crustaceans as intermediate hosts.

Gyrocotylidea Poche, 1926. This group comprises about 15 known species and are
found in chimaeras (Holocephali). Gyrocotylideans possess an anterior muscular
attachment organ and a posterior so-called "rosette”. The unsegmented adult lives in the
spiral intestine of the fish and can reach, in some species, more than 16 cm in length.
Their larva is known as a lycophore, but their exact life cycle remains unknown
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