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1.0 INTRODUCTION

Good taxonomy is essentia for ecological, bio-geographical, and
evolutionary studies of any group of organisms. Trichodinids are
members of the peritrichous ciliates, a paraphyletic group within the
Oligohymenophorea. Specifically, they are mobiline peritrichs because
they are capable of locomotion, as opposed to sessiline peritrichs such as
Vorticella and Epistylis, which adhere to the substrate via a stalk or
lorica. There are over 150 species in the genus Trichodina.
Trichodinella, Tripartiella, Hemitrichodina, Paratrichodina and
Vauchomia are similar genera. Trichodinids are round ciliates that may
be disc-shaped or hemispherical. The cytostome (cell mouth) is on the
surface that faces away from the host; this is termed the oral surface.
The other side, or adoral surface, attaches to the skin of the host or other
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substrate. There is a spira of cilia leading towards the cytostome and
severa rings of cilia at the periphery of the cell, responsible for creating
adhesive suction and locomotory power. In the taxonomy of
trichodinids, the exact number, shape and arrangement of the
cytoskeletal denticlesis critical for determining taxonomic relationships.
These characters are usually revealed by slver nitrate staining of
microscope slides, which stains the cell cytoplasm black and |leaves the
denticles white.

20 OBJECTIVES

to study the morphology of common fish parasites
to study the taxonomy of fish parasite.

3.0 MAIN CONTENTS
3.1 Cestoda

Cestodes are a taxonomic class of organisms in which the adult stage
usually lives in the intestinal tract of vertebrates. Intermediate stages
live in a wide variety of body locations in both vertebrate and
invertebrate hosts. The bodies of most cestodes are ribbon-shaped and
divided into short segments called proglottids, hence the name
tapeworm . Diagnosis of cestodiasis is dependent upon demonstration
of the parasite within the intestinal tract of the fish. Clinical signs of
cestodiasis include emaciation, anemia, discoloration of the skin, and
susceptibility to secondary infections. Low numbers of pleurocercoids
may be located in vital organs such as the brain, heart, spleen, kidney, or
gonad and have a devastating effect on the fish.

Cestodes, more commonly known as tapeworms, are entirely parasitic
and can be found as adults all over the world inhabiting the intestines of
their hosts. They are dorso-ventrally flattened, can reach lengths of
several meters and normally change hosts at least once in their life cycle.
The scolex or head of the worm, which penetrates the intestine wall, is
the most distinctive part of the parasite and is often used in determining
species. Cestodes posses no gut and nutritional uptake is mediated
completely by the tegument which is resistant to attack by the host s
digestive enzymes. Larva tapeworms can be found in other organs of
intermediate hosts with transmission to the final host normally via the
food chain.

Species found in freshwater fish: Archigetes sieboldi, Bathybothrium
rectangulum,  Biacetabulum  appendiculatum,  Bothriocephalus
acheilognathi, B. claviceps, Caryophyllaeides fennica, Caryophyllaeus
fimbriceps, C. laticeps, Cyathocephalus truncates, Diphyllobothrium
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dentriticum, D. ditremum, D. latum, D. vogeli, Eubothrium crassum, E.
fragilis, E. salvelini, Hepatoxylon squali, Khawia sinensis, Ligula
intestinalis, Monobothrium wageneri, Proteocephalus ambiguous, P.
cernua, P. exiguous, P. filicallis, P. macrocephalus, P. neglectus, P.
osculates, P. parallacticus, P. percae, P. pollanicola, P. sagittus, P.
torulosus, P. ocellatus, Schistocephalus solidus, S. pungitii, Scolex
pleuronectis, Triaenophorus lucii, T. nodulosus, Valipora
campylancristrota Triaenophorus nodulosus (Pallas, 1781)

3.1.1 Classification

Kingdom: Animalia

Phylum: Platyhelminthes

Class. Cestoda

Order: Pseudophyllidea

Family: Triaenophoridae

Genus:. Triaenophorus

Species: T. nodulosus

3.1.2 Size Range

Sexually mature adult worms can range from 65-380mm in length and

2-6mm in width, eggs from 0.052-0.071lmm (average 0.063mm) in
length and 0.033-0.045mm (average 0.042mm) in width.

Life Stage: Egg/Coracidium
Free Living Environment: On the substrate or free-floating in the water
column in shallow zones of fresh waters.

Duration of Stage: Embryona development in the eggs and the
hatching of the coracidia takes between 4 and 7 days at 17-20 C with
the coracidium fully formed by day 5. The optimal temperature for
development is 20 C. At 18-20 C the coracidium can survivein its free-
swimming state for 1-3 days. At lower temperatures the coracidium
seems to survive longer; 4 days at 15-16 C and up to 10-13 days at
2.5 C but will survive for less that an hour at 29 C.
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3.1.3 Morphology

Originaly the coracidium is enclosed in a broad ciliated embryonal
membrane, occupies a large amount of space in the egg, and moves
actively. Recently hatched coracidia are 45-50 m x 44 m whilst ones
that are two or three days old are 100 m x 88 m with an average size of
64.2 m x 58.9 m. The coracidium has cilia uniformly distributed over
the body surface except at the anterior where the cilia are long and form
a tuft 35-45 m in length. The oncosphere occupies a large part of the
coracidium and may reach 35 min length.

3.2 Nematode

Nematodes, more commonly known as roundworms or threadworms,
are found parasitizing plants, humans and other animals and can also
inhabit soil, fresh- and saltwater habitats. Ranging from 0.3mm to 8.5m
in length the largest roundworm recorded is Placentonema
gigantisma from the placenta of a sperm whale. Nematodes are
unsegemented, bilaterally-symmetrical, pseudocoelomate animals and
the mouth can contain teeth or stylets used to penetrate the host.
Although they lack a circulatory and respiratory system they have a
digestive system in which the food is moved through the tract via
internal/external pressures and body movement (as opposed to muscles).
Most nematodes are not parasitic but those that are, usually have
complicated life cycles involving several hosts or locations within a
host.

Anguillicola crassus Kuwahara, Niimi & Itagaki, 1974
3.2.1 Classfication

Kingdom: Animalia

Phylum: Nematoda

Class: Chromadorea

Order: Spirurida

Family: Anguillicolidae

Genus: Anguillicola

Species: A. crassus
Size Range
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Male parasites range from 20-60 m in length with females measuring
47-72 m. Body width ranges from 0.9-2.8 m for males and 3-5.6 m for
females.

3.2.2 Life Stages
Life Stage: Eggs/larvae

Transmission In: Eggs are released from the digestive system of
definitive host

Free Living Environment: Larvae attach to the substratum by their
hooked tails

Transmission Out: Larvae ingested by intermediate host
Life Stage: Juvenile

Transmission In: Free-living larvae are ingested by the intermediate
host

Intermediate Hosts: Often a copepod or other crustacean particularly
Cyclops vicinus and C. albidus

Transmission Out: Intermediate host is eaten by definitive host.

Life Stage: Adult

Definitive Host: Anguillasp. (Anguillaanguillain Britain)

3.2.3 Pathology

Infected eels develop a disease called 'Anguillicolosis which causes
haemorrhagic lesions, fibrosis and collapsed swim bladders as well as
inflammatory reactions.

3.2.4 Morphology

The adult nematode has a soft, wrinkled outer cuticle with a small

circular mouth opening which is surrounded by 4 dorsolateral and
ventrolateral papillae and 2 small lateral amphids.

3.3 Acanthocephala

Acanthocephalans, otherwise known as spiny- or thorny-headed worms,
are highly specialized intestina parasites which use a spiny proboscis to
penetrate and attach to host tissues. Nutrient uptake occurs directly
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through the body surface of the parasite as it lacks both a mouth and an
alimentary canal. Acanthocephalan life cycles are usually complex and
may involve a number of hosts including invertebrates, fishes,
amphibians, birds and mammals. This phylum is currently divided into
three classes; Archiacanthocephala (with terrestrial life cycles),
Palaeacanthocephala (aguatic life cycles with fish, seals or water birds
being the fina hosts), and Eoacanthocephala (aguatic life cycles with
fish, reptiles and amphibians being the final  hosts).

Species found in freshwater fish in Britain and Ireland: Acanthocephalus
clavula, A. lucii, A. anguillae, Echinorhynchus borealis, E. clavula, E.
salmonis, E. truttae, Neoechinorhynchus rutili, Pomphorhynchus laevis
Pomphorhynchus laevis (Zoegain M ller, 1776)

3.3.1 Clasdfication

Kingdom: Animalia
Phylum: Acanthocephala
Class: Palaeacanthocephala
Order: Echinorhynchida
Family: Pomphorhynchidae
Genus. Pomphorynchus
Species: P. laevis

Size Range

Size varies between 4 and 30mm and generally increases with age.
Acanthocephalans are dioecious: males are usualy smaller at 6-16mm
with females being 10-30mm. Eggs are 110-121 x 10*-19 m.

3.4 Trematodes

Trematodes, members of Phylum Platyhelminthes, also caled flukes,
cause avariety of clinical infections in humans worldwide. The parasites
are named trematodes because of their conspicuous suckers, which are
the organs of attachment (trematode means "pierced with holes"). All of
the flukes that cause infections in humans are contained in the group
called "digenetic trematodes.”

Depending on their habitat in the infected host (generally a vertebrate),
flukes can be classified as blood flukes, liver flukes, lung flukes, and
intestinal flukes. Flukes causing most human infections are Schistosoma
species (blood fluke), Paragonimus westermani (lung fluke), and
Clonorchis sinensis (liver fluke). Some less clinically important flukes
are Fasciola hepatica and Opisthorchis viverrini, which are liver flukes,
and Fasciolopsis buski, Heterophyes heterophyes, and Metagonimus
yokogawai, which are all intestinal flukes.
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3.4.1 Featuresof Trematodes

The sexes of the parasites are not separate (monecious). In other words,
they are mostly hermaphroditic with the male and female reproductive
organs existing complete in each fluke. One exception is the
schistosomes, which are diecious.

The flukes are oviparous and lay diagnostically operculated eggs. Once
again, an exception is schistosome eggs, which are not operculated.
They are unsegemented, dorso-ventrally flattened, and |eaf-shaped. The
adimentary canal is incomplete, with the anus being absent. The
excretory system is bilaterally symmetric. They bear two suckers, one
on the ventral surface of the body (ventral sucker) and one around the
mouth (oral sucker). These serve as organs of attachment for the fluke.

3.4.2 Taxonomy

Class Trematoda

Subclass Digenea (the digenetic trematodes)
Order Opisthorchiformes

Family Opisthorchiidae

Clonorchis sinensis

3.5 Leeches

Leeches have so far only been reported from a few fish in
Africa; Bagrus docmac, Barbus altianalis, B. tropidolepis, carp
and Protopterus aethiopicus. However, leeches apparently attack a
wider range of fish (Claridae, Synodontidae, Mormyridae and Cichlidae)
and in a greater number of water systems as is evident from the
distribution of leech-transmitted trypanosomes in African fish. Most
records of leeches removed from fish in Africa are
of Batrachobdelloides tricarinata. This leech occurs from the Jordan
system in Israel, infecting Clarias lazera, throughout tropical West and
East Africato Zululand in Southern Africa (Oothuizen, 1989). Piscicolid
leeches are common parasites of Mugilidae in the riverine-estuarine
system of the southern Cape Province in South Africa.

3.4.1 Description and Taxonomy

Leeches feeding on fish are Rhynchobdellae and belong either to the
Glossiphoniidae or the Piscicolidae (Mann, 1962). Most named records
of Glossiphoniid leeches from African fish and many of those found free
in the habitat were proven to be synonymous with B. tricannata. There
iIs one record of another fish-feeding glossiphonid, Hemiclepsis
quadrata(Moore, 1939), from Ethiopia (Oosthuizen, 1987). Apart from
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the piscicolid leeches (as yet undescribed) of Cape grey mullets, the
only other African record of a piscicolid leech is of a species
of Phyllobdella removed from Barbus (Moore, 1939).

Rhynchobdellae have a small pore-like mouth on the ora sucker from
which a proboscis may be protruded, no jaw is present, the blood is
transparent (Gnathobdellae which feed on higher vertebrates have a
large mouth with jaws and red blood). Differentiation even between
Piscicolidae and Glossiphoniidae is not easy for the non-expert:

Glossiphoniidae The body at rest is depressed, not divided into
distinct anterior and posterior regions; the head
is usually much narrower than the body with
an anterior sucker either indistinguishable or
only dlightly distinct from the body. There are
usually 3 annuli per segment in the mid-body
region and eyes are confined to the head.

Piscicolidae: The body at rest is cylindrical and (especially
when contracted) usually divided at segment
X1l into distinct anterior and posterior
regions. The head sucker is usually distinctly
marked off from the body which usually has
more than three annuli per segment. Simple
eyes may be present on the head, neck and
posterior sucker.

Experts would prefer leeches live, to be fixed to their own
specifications. Leeches can survive for a considerable time, even when
mailed in avial inside wet cotton wool. If fixed, it is best in 70% ethanol
and preferably the leech should be relaxed first with menthol, ether, or
by refrigeration, sometimes, if not too small, under glass slide pressure.

3.6 LymphocystisVirus

Species affected a variety of marine and freshwater fish; in Africa
known only from cichlids; including species of Tilapia, Oreochromis
and Haplochromis.

Geographic range:

In cichlid fish in Lakes Victoria (Nyanza) (Oreochromis variabilis and
Haplochromis spp.), in Lake George (H. elegans) and L. Kitangiri
(Tilapiaamphimelas and O. esculentus) in East Africa.
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Description taxonomy and diagnosis

Infection manifested in one to numerous dermal clusters of rounded
pustules or wart-like growths. Histological sections reveal aggregates of
grossly hypertrophic cells (in cichlids 200330 m in diameter),
enclosed within a thick hyaline (eosinophilic) wall and an extremely
large nucleus and nucleolus. Cytoplasm contained basophilic (DNA)
inclusions, (numerous, small-rounded in cichlids) and vacuoles.
Lymphocystis viruses are large (160 300 nm), icosah edra, DNA viruses
(iridovirus-like) replicating within the cytoplasmic inclusions and are
released into the cytoplasm to form regular arrays.

4.0 CONCLUSION

Good taxonomy is essential for ecological, bio-geographical, and
evolutionary studies of any group of organisms. Fish serve as hosts to a
range of parasites that are taxonomically diverse and that exhibit a wide
variety of life cycle strategies. Whereas many of these parasites are
passed directly between ultimate hosts, others need to navigate through a
series of intermediate hosts before reaching a host in (or on) which they
can attain sexual maturity.

50 SUMMARY

The study of morphology and taxonomy of fish parasites enable the
identification and mode of behavior on the host species. Cestodes are a
taxonomic class of organisms in which the adult stage usually lives in
the intestinal tract of vertebrates. Nematodes, more commonly known as
roundworms or threadworms, are found parasitizing plants, humans and
other animals and can also inhabit soil, fresh- and saltwater habitats.
Acanthocephal ans, otherwise known as spiny- or thorny-headed worms,
are highly specialized intestina parasites which use a spiny proboscis to
penetrate and attach to host tissues. Leeches apparently attack a wider
range of fish (Claridae, Synodontidae, Mormyridae and Cichlidae) and
in a greater number of water systems as is evident from the distribution
of leech-transmitted trypanosomes in African fish

6.0 TUTOR-MARKED ASSIGNMENT

1 What are the taxonomy of leech and nematodes
2. Describe the adult stage of cestodes
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1.0 INTRODUCTION

Aquatic habitats offer ideal conditions for the maintenance and
evolution of parasite life cycles. Water provides a physiologically stable,
buffered environment, and its viscosity facilitates the dispersal and
survival of eggs and fragile free-living stages. Infecting organisms may
live inside a host, in which case they are termed endoparasites, or on the
external surface as ectoparasites. In shes, the g ill surfaces are usually
classi ed as external environment since they arein constant contact with
the external medium, even in species where they are enclosed within
opercula. Parasites exhibit a variety of life cycle types. Those that are
transmitted from one denitive host (in which they reach sexual
maturity) to another are described as having direct life cycles. Parasites
that use at least one intermediate host (which harbors sexually immature
forms of the parasite) to transfer between de nitiv e hosts are said to
have indirect or complex life cycles.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

to study thelife cycle of parasite infecting fish
to understand the life stage of fish parasites.
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3.0 MAINCONTENTS

3.1 Lifecycleof Trichodinids

Trichodinids have a simple direct life cycle. That is, they have a single
host and do not use aternation of generations or mass asexual
replication off the host. The reproduce by binary fission, literally cell-
splitting. This produces daughter cells with half the number of denticles
of the parent cell. The full complement of denticles is restored by
synthesis of new denticles from the outer edge of the cell, working
inwards.

Trichodinids are typicaly found on the gills, skin and fins of fishes,
though some species parasitize the urogenital system. A range of
invertebrates is also host to trichodinid infections, including the surfaces
of copepods and the mantle cavity of molluscs. Transmission occurs by
direct contact of infected and uninfected hosts, and also by active
swimming of trichodinids from one host to another. Trichodina cells
swim with the adoral surface facing forwards. On surfaces, they move
laterally, with the adoral surface facing the substrate.

3.2 LifeCycleof nematodes

A. crassusrequires an intermediate arthropod host in its life reduced
survival of the host. Transmission to the definitive host is through the
food chain and all sizes of eels from cycle to become infective to the
definitive eel host. Intermediate host specificity is wide
with Diaptomus gracilis, juvenile Gammarusand the brackish
species Eurytemora affinisall acting as possible intermediates but
only Cyclops vicinus and C. albidus alowing the parasite to develop
into the infective stage. Higher densities of infection can lead to
significantly glass eels upwards can be infected. Transmission can also
occur from eel to eel through predation. A. crassusis found in the
swim-bladder of eels and gravid adults can contain up to 0.5x10"6 eggs
each. Released eggs pass into the intestinal tract and hatch during or
after passage through the digestive system. Free-living larvae tend to
aggregate in clumps of 10-30 individuals, attaching firmly to the
substrate by their hooked tails.
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Anisakiasis

Life Cycle of nematode

3.3 LifeCycleof Cestoda

The life cycle is normally completed within 12 months and involves a
free-living stage as well as two intermediate hosts and a definitive host.
This parasite is hermaphroditic and the structure of the reproductive
system in al species of this genusisidentical except for the shape of the
internal seminal vesicle. In T. nodulosus the internal seminal vesicleis
large (330-440 m in length and 282-385 m in width), and ova in
shape. Tapeworms usually release eggs that pass out of the definitive
host and complete embryonation in water. They hatch into ciliated,
motile and short-lived larvae (coracidia), which are light-sensitive and
swim towards the surface of the water body thereby enhancing the
chances of the coracidium being ingested by the first intermediate
copepod host. The coracidium migrates to the haemocoel (body cavity)
of the copepod host before it differentiates and develops into a
procercoid stage. The procercoid stage is fully developed in around 9
days and it is transmitted to the second intermediate (fish) host when the
infected copepod is ingested. Once ingested it migrates into the muscle
and viscera of the fish and differentiates into the plerocercoid stage. The
transmission to the definitive host, in this case a species of pike, is
through the ingestion of the infected intermediate host. There are
thought to be at least 78 species of intermediate host for T. nodulosus.

Adult tapeworms grow and mature in the definitive host during late
spring and early summer and release eggs, one sexually mature worm
being capable of producing as many as 1,750,000 eggs. Most new
infections occur during summer and early autumn but the differentiation
into procercoids can be rapid due to high temperatures and there can be
sufficient time for the tapeworm to re-infect fish prior to winter. Egg
laying occurs during the raining season and athough T. nodulosus can
be found in the intestines of pike throughout the year, only young
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parasites are found during the second half of June-September, and these
have no trace of gonadal formation. This young parasite are usually
10-90mm in length during this stage but by the end of September they
can range from 90-104mm and the initiation of gonadal development is
apparent. Development continues until December/early January at which
time growth usually ceases with an average length of 255mm.

Two Different Cestode Life Cycles

Pseudophyllidean Cyclophyllidean
Haw fish eaten Cysticercus larvae eaten

by Human or other by Human in raw or
mammal and larvae undercoolked meat

develop into adult and develops into

T apeworm. adult Tapeworm.

Adult worms
Copepod eaten by develop in the Hexacanth larvae
fish and FProcercoid intestines of a develop into infective

larvae develops into Human or some Cysticercus larvae

Plerocercoid larvae. other mammal . in 10-12 weeks.

Coracidium eaten by Eggs hatch into
Copepod and develops Hexacanth larvae

Eggs released

> and penetrate to
in faeces.

voluntary muscle.

Eggs develop in / Eggs caught on
water and hatch |/~ grass stems eaten

into Coracidium larvae. by cattle accidentally.

into Procercoid larvae.

3.4 LifeCycleof Acanthocephalan

Copulation within the definitive host can occur within 24 hours of
infection but egg production starts between 4 and 8 weeks after infection
and lasts for approximately 2 months. Males tend to have shorter life
spans than females and may die shortly after copulation. Eggs develop
in the fluid-filled body cavity of the female by a process of spiral
cleavage which produces an elongated embryo, the acanthor. The
number of eggs is dependent upon the size of the female. Acanthors
usually bear hooks or spines arranged in spirals or circles at the anterior
end and the entoblast (a group of germinal cells within the acanthor)
gives rise to most of the organs of the adult form. The eggs, containing a
fully developed acanthor, are passed out of the definitive host in the
feces and will only hatch when ingested by the intermediate host. The
acanthor penetrates the intestine wall with its hooks and enters the
haemocoel. These then migrate from intestine and develop through
series of acanthella stages in the dorsal haemocoel of the gammarid until
an infective juvenile known as a cystacanth (enveloped in a capsule) is
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formed. P. laevishas been known to change the appearance and
behavior of the intermediate host so as to maximize their chances of
being eaten by the next host. This can include appearing more visible to
the host predator due to the orange coloring of the cystacanths or
atering the behavior so that the intermediate host swims near the surface
of the water (possibly a photophilic response), or clings to the surface of
vegetation. The life cycle is completed when the fina infective
cystacanth stage is eaten along with its host by the definitive host
although a paratenic host may sometimes be involved.

3.5 Leeches

Life History and Biology

Leeches, once engorged with the blood of the host, detach and rest on a
protected substrate in the water (under stones or in plant debris) until
their next meal. Reproduction takes place after several meals. B.
tricarinata in tropical and subtropical waters breeds throughout the year
(Oosthuizen, 1989). Glossiphoniidae exhibit parental care. The leeches
produce a thin walled cocoon and immediately after deposition place
their bodies over it and the hatching offspring attach themselves in a
brood pouch which forms on the parent’s ventral wall. They remain in
the pouch until the first feeding stage when they are often brought to
their first host by the parent. The entire life cycle may last, depending on
availability of hosts, from 24 days to severa months. B.
tricarinata feeds on fish, and if fish are unavailable will also feed on
tadpoles and adult anurans (Oosthuisen, 1991). Some glossiphonids also
feed on freshwater molluscs but, athough B. tricarinata enters the
mantles of molluscs, it does not feed on these hosts. B. tricarinata has
been found feeding naturally and induced experimentally to feed on
hosts of diverse fish.
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Families; Clarias spp., Bagrus spp., Oreochromis spp. Barbus spp.
goldfish and Protopterus aethiopicus (Oosthuizen, 1989; Paperna,).
However, populations of a given geographical region or a water system
show preference for, or will exclusively occur on, one particular host,
for example Clarias lazerain the Jordan system, Isragl and Bagrus
docmac in Lake Victoria (Paperna,)m

40 CONCLUSION

Parasites exhibit a variety of life cycle types. Those that are transmitted
from one de nitive host (in which they reach sexual maturity) to another
are described as having direct life cycles. Parasites that use at least one
intermediate host (which harbors sexualy immature forms of the
parasite) to transfer between de nitive hosts are said to have indirect or
complex life cycle.

50 SUMMARY

Trichodinids have a simple direct life cycle. That is, they have a single
host and do not use alternation of generations or mass asexud
replication off the host. A. crassus requires an intermediate arthropod
host in its life reduced survival of the host. Cestoda life cycle is
normally completed within 12 months and involves a free-living stage as
well as two intermediate hosts and a definitive host. Acanthocephalan,
copulate within the definitive host can occur within 24 hours of infection
but egg production starts between 4 and 8 weeks after infection and lasts
for approximately 2 months. Leech entire life cycle may last, depending
on availability of hosts, from 24 days to severa months.

6.0 TUTOR-MARKED ASSIGNMENT

1 With alabeled diagram explain the life cycle of nematode.
2. Describe the Life Cycle of Acanthocephalan
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