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Adaptace helmintu k paraz




HELMINTI

Helminti — velmi ruznoroda skupina (Vermes)
Oznaceni pro nepribuzné skupiny organismu

Spolecny znak — bilateralné soumeérni protostomni
ZivoCichové

Tradicné — neodermalni platyhelminti (Trematoda,
Cestoda, Monogenea), hlistice (Nematoda) a vrtejsi
(Acanthocephala).

Taky ale Turbellaria, Rotifera, Nematomorpha,
Nemertea, Nemertini, Hirudinea).

Neodrazi to fylogenetické vztahy



Fylogenetické vztahy Bilateria

BILATERIA

|

Eubilateria

Gnathostomulida Platyhelminthes

Stem bilateral
acoelomate

Figure 22.1 Phylogenetic relationship of Bilateria. (From Willmer 1990,
after Ax 1984.)



Fylogeneze protostomnich zivocichu

| ANNELIDA |

MoLLuscA|

TENTACULATA
NEMERTINI
| PLATYHELMINTHES
ARTHROPODA

GASTROTRICHA LOPHOTROCHOZOA
NEMATODA

ECDYSOZOA

</

PROTOSTOMIA

Obr. 3-1 Zjednoduseny fylogeneticky strom protostomnich zZivocicha. Konstrukce dle
185 rRNA a Hox genu (dle Tessmar-Raible a Arendt, 2003, upraveno).



Puvod parazitismu u platyhelmintu

parasitic Platyhelminthes

........ @ _@_

molluscan host

@ 3

ectopErasitism

A earliest hosts (?)
‘\
R
- > P
@Q & &0 ‘i\
¥ ¥ o e S
A & & & F & 5
() N Q,\ N ) 00 ) O Q °
Q?\Q c}\o O‘%\' n VEJQ o\ @0 QO \\ < Q/\}

firo-szowa

crustacean host

endoparasitism
acquisition of vertebrate host

neodermis, etc.

Figure 15.11 A) Origin of parasitism in the

Platyhelminthes acc. to Little-
wood et al. (1999b). |, No extant
lamprey parasitized, therefore
parasitism after divergence of
Hyperoartia from other Gna-
thostomata (Chondrichthyes +
Osteichthyes?); 2, Chondrich-
thyes + Osteichthyes  lineages
diverge c. 410 Ma; 3, Trematodes
diverge with 2; 4, Both monoge-
nean lineages diverge with 2,
therefore must have diverged
from one another before 2; 5,
Cestodarians diverge with 2.



Fylogeneze hlavnich skupin Platyhelminthes

|

Nemertodermatida Flatworm-like
Acoela Bilateria
Catenulida
Proseriata
Tricladida
Polycladida

Macrostomida
Haplopharyngida
Lecithoepitheliata
Prolecithophora
Kalyptorhynchia
Temnocephalida
Dalyelliida

— Typhloplanida
Fecampiida
Urastoma
Ichthyophaga
Udonella
Aspidobothrea

“Turbellaria”

H

Digenea
—— Polyopisthocotylea NEODERMATA

- Monopisthocotylea
Gyrocotylidea

Amphilinidea ;
— Eucestoda s




TEGUMENT

NERVES

LONGITUDINAL
MUSCLE

GENITALS

NEODERMIS

DV-MUSCLE

Fig.4.26. Developmental possibilities of an undifferentiated tiated cells are characterized by a large nucleus with a spheri-
cell (germ cell) in platyhelminths (e.g., cestodes; after Gus- cal nucleolus
tafsson’s® and own original results). Note that the undifferen-



Vznik neodermis

',

SRR

I B2 B S SRR SRS I

NB

Obr. 3-4 Platyhelminthes, Neodermata.
Vznik neodermis preménou povrchového
epitelu prvniho larvalniho stadia. A - po-
vrch prvniho larvalniho stadia, B - kmeno-

vé bunky (neoblasty) migruji do oblasti
epitelu, pficemz ¢ast bunécnych tél s jadry

zUstava pod lamina basalis, C - cilidrni buri-
ky jsou odvrzeny a povrchova ¢ast plavod-
nich kmenovych bunék splyvd a vytvafi
povrchové syncytium (neodermis)|EP - epi-
telidlni ciliarni bunka, JD - jadro bunky,
LB -lamina basalis, NB - neoblast, ND — neo-
dermis (dle Ax a kol., 1989, upraveno).




Platyhelminthes - Neodermata

Monégenea Eucestoda

Obr. 8. Charakteristické typy neodermis (Ehlers 1985, upraveno)
mi-mikrotuberkuly;  t-trny  obsahujici  aktin;  mv-mikrovily;
mik-mikrotrichy; nd-neodermis; Ib-lamina basalis; sv-svalové vrstvy.



Charakteristika hlavnich skupin helmintu |

Kmen PLATYHELMINTHES

* Telo dorso-ventralné splostélé, bilateralné symetricke
e Chybi télni dutiny, anus, dychaci a obéhovy systém

* Télo pokryté tegumentem (u neodermat)

e Exkrecni systém protonefridialniho typu (plaménkové
bunky)

* Organy ponorené v pojivove tkani — parenchymu
* Obvykle hermafroditi



Protonefrodie platyhelmintu
Trematoda, Monogenea Cestoda




Charakteristika hlavnich skupin helmintu Il

Kmen PLATHELMINTHES

Trida Trematoda (Aspidogastrea a Digenea)

 Endoparazité

* Travici systém a prisavné organy (prisavky) dobre
vyvinuty

* Slozité vyvojové cykly

Trida Monogenea

* Predevsim ektoparazité ryb

* Prisavné organy, zvlasté zadni disk (opisthaptor) dobre
vyvinuty

* Primy vyvojovy cyklus



(44

Hypoteticka fylogeneze Digenea

Paramphistomiformes Haploporiformes Transversotrematiformes Opisthorchiformes Plagiorchiformes
Lepocreadiformes
Heronimiformes Echinostomatiformes Hemiuriformes Strigeiformes No engternal j
Body transversely No cirrus sac ~ Lateral s.etlae';)n bl Seml.nal R
elongate Two pairs of flame No cirrus cercarial tai Xiphidiocercariae
cells in miracidium )
. : . Primary excretory pore not
Cystophorous cercaria Primary excretory pores at tips extending into tail of cercariae
No eyespots in cercariae of furcae in cercgmal tail . ; 5
Rediae with collars Brwihircats co e Finfold in cercariae small
Uterus extends from ovary Ovary between testes Eggs hatch after snail ingestion ~ Eggs small
MK IS St A Cercarial excretory bladder with epithelium
Hermaphroditic duct Cercarial tail not furcate Finfold on cercarial tail
Adult pharyrx gt junction of Cercariae encyst "in" intermediate host

esophagus and cecal bifurcation
Mesostomate excretory system

Symmetrically branched sporocysts Furcocercous cercariae
Eggs hatch in utero
Ventral sucker degenerates

Rediae without appendages

Adult body spiny  Secondary excretory pore terminal
Ventral sucker in adult midventral
Ventral sucker in cercariae midventral
Primary excretory pore in anterior half of cercarial tail
Cercariae with two eyespots
Cercariae encyst "on" something
Rediae with appendages

Figure 15.28 A hypothetical phylogenetic tree for the orders of Digenea.

Redrawn from Daniel R. Brooks and Deborah A. McLennan, Paraseript: Parasites and the language of evolution. Copyright © 1993 by the Smithsonian Institution. Used by permission of the publisher.



Aspidogastridae

Strigeidae
Diplostomidae

Schistosomatidae
Sanguinicolidae

Transversotrematidae

r— Fellodistomidae

L— Tandanicolidae
Heronimidae |
Azygiidae
Hemiuridae
Lecithasteridae
Syncoeliidae
Accacoeliidae
Didymozoidae
Derogenidae
Sclerodistomidae
Notocotylidae

A A

1ae

Diplodiscidae
Paramphistomidae

Haplosplanchnidae
Cyclocoelidae

'

Philophthalmidae
Echinostomatidae

"
LLE Fasciolidae

[~ Cryptogonimidae

|_|: Heterophyidae

Opisthorchiidae
[ Lepocreadiidae

Monorchiidae
Atractotrematidae
Haploporidae
Acanthocolpidae
Campulidae
Nasitrematidae
Dicrocoeliidae

Enenteridae
Gyliauchenidae
“Le

Apocreadiidae
—
[_E Gorgoderidae

Orchipedidae
Bucephalidae
Paragonimidae
Opecoelidae
Opistholebetidae
Cephalogonimidae
Brachycoeliidae
Plagiorchiidae
Microphallidae
Pachypsolidae
Faustulidae
Zoogonidae

é’.:,:

Kombinovana fylogeneze Dinegea

Figure 16.6 Combined-evidence tree for the
Digenea showing distribution of
complete absence of ventral
sucker at all life-cycle stages
(boxed taxa) and fork- and sim-
ple-tailed tailed cercariae. In addi-
tion to the marked families, the
cercaria is unknown for the
Atractotrematidae and the Opis-
tholebetidae, but can be predicted
to have a simple tail.



Charakteristika hlavnich skupin helmintu Il

Kmen PLATHELMINTHES

Trida Trematoda (Aspidogastrea a Digenea)

 Endoparazité

* Travici systém a prisavné organy (prisavky) dobre
vyvinuty

* Slozité vyvojové cykly

Trida Monogenea

* Predevsim ektoparazité ryb

* Prisavné organy, zvlasté zadni disk (opisthaptor) dobre
vyvinuty

* Primy vyvojovy cyklus



Hypoteticka fylogeneze Monogenoidea

preiiidlens Monocotylid -
@ il Lt:himoidayeI ae Monocotylidea
it _predétie. Dionchidae 3 i -
L&l Capsalidae apsalidea

Lagarocotylidae
Montchadskyellidae
Euzetrema
Tetraonchoididae
Bothitrematidae
Anoplodiscidae
Udonellidae
Gyrodactylidae
Acanthocotylidae
Calceostomatidae J Caiceostomatinea
Neodactylodiscidae J Neodactylodiscinea
Amphibdellatidae J Amphibdellatinea
Dactylogyridae
Diplectanidae Dactylogyrinea
Pseudomurraytrematidae
Neotetraonchidae
Tetraonchidae ] Tetraonchinea
Sundanonchidae
13334 e gggj:gmﬁé%ie ] Polystomatoinea
s Chimaericolidae ] chimericolidea W
e peifiEien Diclybothriidae 7
bl Hexabothriidae
el Pl@Ctanocotylidae 7
2 uw_'_—ln—; Mazocraeidae Mazocraeinea
L= Mazoplectidae
- il Discocotylidae
i l—ﬂ-—& Diplozoidyae Discocotylinea
Octomacridae
Anthocotylidae
Pseudodiclidophoridae
[————— Protomicrocotylidae
i 1w d

Allodiscocotylidae
LM'L&& Chauhaneidae ) )
Pseudomazocraeidae Gastrocotylinea Heteronchoinea

Bychowskycotylidae Oligonchoinea

Gastrocotylidae Mazocraeidea
""""L;._ﬁi: Gotocotylidae
- 1 Neothoracocotylidae

Hexostomatidae : Hexostomatinea
| Axinidae
1

Lagarocotylidea
Montchadskyellidea

[T

—

Gyrodactylidea Polyonchoinea

14-18
81

Dactylogyridea

Diclybothriidea

Microcotylidae

Heteraxinidae

Diplasiocotylidae
preedillliee. Diiclidophoridae ;
Allopyragraphoridae Microcotylinea
Pterinotrematidae
Pyragraphoridae
Rhinecotylidae
Heteromicrocotylidae

Figure 10.2 Hypothesis for the evolutionary history of 53 families of Monogenoidea based on 66 homologous series of morphological characters. Bold numbers above each branch refer to postulated evolu-
tionary changes as indicated in the character analysis (Appendix 10.1) and character change list (Appendix 10.3). Numbers below each branch refer to bootstrap support for 1000 replicates;
only values >50% are presented. Tree length = 214; Cl = 53%; Rl = 87%; all considering the Trematoda and Gyrocotylidea as ingroup taxa.



Charakteristika hlavnich skupin helmintu Il

Trida Cestoda (Gyrocotylida, Amphilinida,
Eucestoda)

* Protahli endoparaziti, predevsim v zazivacim
traktu obratlovcu

e Vétsinou segmentovani, prichytné organy na
prednim konci téla.

e Bez travici trubice

* Slozité vyvojové cykly



Hypotetické vztahy Cestodaria

k Cestodaria i
| Cestoidea —]
Gyrocotylidea Amphilinidea Eucestoda
\ Male gonopore and vaginal opening at posterior
Funnel connecting with rosette Adults parasitic in body cavity :
Anterolateral genital notch Uterine pore near vestigial pharynx SIS oty
Vitellaria encircling entire body, entire body length Uterus N-shaped CWNEEITT ATV DEdoh o o §o0
' e e o il 9 Larval hooks reduced to six

Body margins crenulate

: lost during ontogen
Rosette at posterior end Cercomer lost during ontogeny

Genital pores marginal
Protonephridial ducts lined with microvilli
Six large and four small larval hooks
Cercomer totally invaginated during ontogeny
Male gonopore near vaginal opening

No trace of endoderm in embryos
Vitelloducts syncytial

Larval epidermis syncytial

Ten equal-size hooks on larval cercomer
Testes multiple, in two lateral bands
Cercomer at least partially invaginated

Male gonopore not near uterine pore

Posterior body invagination

Ovary follicular, bilobed

Cercomer reduced in size

Intestine lacking

Figure 20.31 Cladogram showing hypothetical relationships of groups within the infraclass Cestodaria.

Gyrocotylidea and Amphilinidea will be described in chapter 21. The name Cestodaria is commonly applied to the Gyrocotylidea and
Amphilinidea, but it appears that the Amphilinidea and Eucestoda share a common ancestor and form a clade with the Gyrocotylidea
as sister group. One primitive character state of the Cestodaria is 10 larval hooks, of which four become reduced in the Cestoidea and
disappear in the Eucestoda.

Source: Based on D. R. Brooks and D. A. McLennan, Parascript, Parasites & the Language of Evolution. Copyright © 1993 Smithsonian Institution Press, Washington, DC.



Charakteristika hlavnich skupin helmintt IV

Kmen NEMATHELMINTHES
Trida Nematoda
* Volné zijici formy i cizopasnici

Télo protahlé, nesegmentované, s odolnou kutikulou

Pohlavi oddélené, pohlavni organy trubicovité

Télni dutinou pseudocoel
* \/lyvojove cykly pfimé i neprime



Fylogeneze nematodu

Strongylida

Spirurida

Ascaridida

Rhigonematida

Oxyurida

Rhabditida including
Caenorhabditis elegans
and Strongyloides

Diplogasterida

Secernentea

—— Aphelenchida

—— Tylenchida
Mermithida

Nematoda
|

Trichocephalida

Dorylaimida

Triplonchida

Mononchida

Adenophorea

Enoplida

Monhysterida

Chromadorida




Charakteristika hlavnich skupin helmintu V

Kmen ACANTHOCEPHALA
* Endoparaziti stfeva obratlovcU

e Télo valcovité, nesegmentované s vysunovatelnym
chobotkem (proboscis) ozbrojeném hacky

* Télni dutinou pseudocoel
* Travici trubice chybi

* Pohlavi oddélené

* \lyvojové cykly neprimé



Hypoteticka fylogeneze Acathocephala
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Klasifikace kmene Platyhelmithes

e Subphylum CATENULIDA — nemaji frontalni organ
a maji jednociliatni epidermalni bunky

e Subphylum EUPLATYHELMINTHES — maji frontalni
organ, vysoka denzita epidermalnich cilii a
multiflagelatni plaménkové bunky
— Supertrida ACOELOMORPHA — redukce a ztrata

protonefridii a modifikace nebo ztrata streva, konce
ciliit maji zretelny ,step”

— Supertrida RHABDITOMORPHA — maji lamelarni
rhabdity, dvojzlaznaty adhesivni systém a
multiflagelarni plaménkové bunky




Klasifikace kmene Platyhelmithes

Trida: RHABDOCOELA — maji farynx s bulbem a jednoduché strevo
Rad: Dalyellioida
* Podrad Temnocephalida — cefalické tentakule

PODSUPERTRIDA — NEODERMATA

ektolecitalni vajicka, ztrata larvalni epidermalni
ciliatury, adulti maji synticialni epidermis,

Neodermata jsou monofyleticka skupina

Tfida TREMATODA
Trida MONOGENOIDEA (MONOGENEA)
Tfida  CESTOIDEA



Klasifikace - NEODERMATA

* Trida TREMATODA — posteriorni adhesivni organ a prisavka, samci
genitdIni porus vyustuje v pohlavnim atriu, adulti maji hltan v
blizkosti ustni prisavky

Podtrida: Aspidobothrea — specializované microvilli a microtubuly v
neodermis, posteriorni prisavka se déli na kompartmenty,

PodtFida: Dinegea — prvni larvalni stadium miracidium, ZC s jednou
nebo vice generacemi sporocyst a cerkariemi, slepé ukoncené strevo

 Trida MONOGENOIDEA (Monogenea) — oncomiracidium se tfremi shluky
ciliarnich bunék, adulti maji jednoducha testes, vSichni ektoparaziti,
podle vysledkl molekularni fylogeneze jsou polyfyleticka skupina:
Podtrida: Polyonchoinea - Monopisthocotylea

Podtrida: Heteronchoinea - Polypisthocotylea
Infrapodtrida: (Polystomatoinea + Oligonchoinea)
 Trida CESTOIDEA
— Podtfida: Cestodaria — monozoicti, cerkomer se Sesti hacky,
» Rad: Gyrocotylidea — rosety, kmen a laloénaty zadni konec téla
» Rad: Amphilinidea — genitalni porus posteriorné, uterus tvaru N

— Podtrida: Eucestoda — adulti polyzoicti, chybi cerkomer se Sesti hacky,
ZC s vice nez jednim hostitelem



Struktura a funkce organovych soustav

Prichycovaci organy

Télni pokryvy

Télni dutiny

Nervova soustava helmintu

Svalova soustava

Travici soustava

VyluCovaci soustava, exkrece a sekrece
Pohlavni soustava



Vyvojové cykly helmintu

Vyvojovy cyklus: primy (monoxenni) x
neprimy (heteroxenni)

Geohelminti x biohelminti
Definitivni hostitel x mezihostitel
Hlavni x vedlejsi hostitel (specificity)
Paratenicky hostitel (rezervoarovy)
Postcyklicky hostitel



Ontogeneticky vyvoj helmintu

e Zivotni cykly pfimé — monoxenni (roup détsky,
monogenea)

* Zivotni cykly nepfimé - heteroxenni
— Dixenni — dvou hostitelské (krevnicky, Taenia, Filaria)

— Trixenni — trojhostitelské — (Paragonimus,
Diphyllobothrium)

— Tetraxenni — ¢tyrhostitelské — (Strigea, Alaria)

 Definitivni hostitel x mezihostitel



Adaptace helmintu k parazitismu

Morfologické adaptace (velikost, redukce strukturalni
slozitosti, rozvoj nékterych organu)

Fyziologické adaptace (neutralizace enzymu a
detoxikace latek, zmény metabolismu, tegument)

Biologické adaptace (vysoky reprodukcni potencial,
asexualni rozmnozovani, komplexni Zivotni cykly)
Etologické adaptace (migrace invaznich larev —

horizontalni,vertikalni,ontogenetické,manipulace
chovanim hostitelu — mezihostitelU)



TREMATODA

MORFOLOGIE



Podrida: Digenea

Pocetna skupina helmintl — pres 4 tis. druht z
toho tretina u ryb

Vyznamni paraziti ¢loveka a hospodarskych
Zvirat

Cizopasi u obratlovcl — prakticky ve vsech
organech s vyjimkou kosti

Nejvetsi pocet — travici soustava - strevo, jatra,
Zlucovody



Morfologie motolic

* Bilateralné symetrické,

* Dorzoventralné zplostélé

* Bez vnitrni €i vnejsi segmentace

e Velikost od nékolika mm do nékolika cm

* Typicka je pritomnost svalnatych prisavek
e 7 zakladnich morfologickych typu



Motolice - morfologie

Mouth
Oral sucker
Pharynx
Oral sucker
Genital pore Pharynx
Caecum

Genital pore

Ventral sucker

i Acetabulum
testine

Eggs in coiled uterus Uterus
Ovary
Vitellaria Seminal receptacle
Vitelline duct Testis
Ovary

Seminal receptacle
Vitellaria
Branched testis

Branched testis

Fasciola hepatica

Clonorchis sinensis Fasciolopsis busci



Stavba téla
motolice

GENITAL PORE

CIRRUS Mouth Oral sucker
Pharynx
VENTRAL SUCKER Esophagus

Caecum Common genital pore
Ejaculatory duct
+— Cirrus pouch
Metraterm — Seminal vesicle
Y- 1<—— Ventral sucker
2k [ +f1— Vas deferens
Ovary Vas efferens
Seminal receptacle - : sl T Vi_te]h:ne glang
TESTES Oviduct — 177 : -——-V1'te1h'ne duct \
Mehlis’ gland 7 1 IS — Vitelline reservoir
Ootype \ _Xefss
CAECUM :
Uterus 2 < ~ Tesles
A '

VITELLARIA o = H Laurer’s canal




Morfologicke typy motolic

Distomni — dve prisavky

Gasterostomni — jen brisni prisavka

Strigeidni (holostomni) — predni a zadni ¢ast téla
(BrandesUv organ)

Monostomni — bez brisni prisavky

Amphistomni — velka brisni prisavka na zadnim konci

te
Ec
Sc

a
hinostomni — distomni s limcem ostnu

nistosomni — protahlé stihlé télo, gonochoristi



é typy motolic

Morfologick

dis

gasterostome

monostome

amphistome

tome

tosomes

IS

F echinostome G Schi

E holostome

Fig.1.36



Anatomie motolic

Tegument — télni povrch (Neodermata), trny,
schistosomy — glykokalyx (vyvinuty 2
cytoplasmatické membrany)

Parenchym — ulozeny vnitrni organy

Nervova soustava — ganglia, provazce, spojky
Travici soustava — parova, slepé ukoncena
Vylu€ovaci soustava — protonefridie

Pohlavni soustava — predevsim hermafroditi



Tegument motolice

Fasciola hepatica surface invagination glycocalyx spine
T2 secretory bodies

apical plasma
membrane

T1 secretory bodies
basal infold

mitochondria basal plasma
membrane
cytoplasmic

connection basal lamina

interstitial
material

longitudinal muscle

GER-Golgi apparatus
parenchymal cell

T1 tegumental

T2 tegumental
cell

cell

gap junction



Otrnény porch téla motolic




Nervova
soustava
motolic

......

Oral sucker

Commissure

Pharynx Cerebral ganglion

Ventral nerve cord

Lateral nerve
cord

Acetabulum

Dorsal nerve
\ cord
| Transverse
T connective




Travici soustava motolic

Ustni otvor — Ustni pfisavka

Prepharynx

Pharynx
Jicen

Vidlichaté vétvené parovité slepé ukoncené
strevo tvorene -

Gastrodermis — exkrecni i sekrecni funkce



Travici soustava motolic

oral sucker
o A
pharynx _ @:, : branched gut
genital atrium == Yl oesophagus
<) ‘ J

| \/ cirrus

ejaculatory duct
seminal vesicle

uterus

Fasciola hepatica

vitellaria
ventral sucker
ovary

Mehlis' gland —_

oviduct ——

*1 _—vas deferens
vitelline duct

Laurer's canal—j

testes
vitelline reservoir -




ORAL SUCKER

PHARNY X

GENITAL PORE

CIRRUS

VENTRAL SUCKER

TESTES

CAECUM

VITELLARIA

Travici soustava
motolice

Esophagus

Caecum

Metraterm

Oral sucker

Common genital pore
Ejaculatory duct
Cirrus pouch

—— Seminal vesicle
—— Ventral sucker
—— Vas deferens

Vas efferens

Seminal receptacle i

—— Vitelline gland
—— Vitelline duct
—— Vitelline reservoir

: i anainci
Oviduct 2
Mehlis’ gland7 ; <l)s
5 A :il\
Ootype i_., ALY/
Uterus : e
R
A\ t“-

— Testes

Laurer’'s canal



Exkrecni soustava motolic

Protonefridie — plaménkové bunky
Systém sbérnych kanalku

Mocovy mechyr
Systematicky vyznam
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Exkrecni systém motolic

large cells

cilia

tufts of
long cilia

cilia

Fig. 9-4. The excretory system of Digenea. A, Miracidium. B, Sporocyst. C, Redia. D, E, F, Stages in
development of the cercaria. G, Metacercaria. H, Tufts of long cilia and large cells forming the ciliated wall
of the canal (not seen in the adult). I, Young-stage flame cell from Dicrocoelium dendriticum. (From Dawes.

The Trematoda, courtesy of Cambridge University Press.)



Pohlavni soustava motolic

Hermafroditi

Samci soustava — parova testes, vasa efferentia, vas
deferens, vesicula seminalis (externa, interna),
ductus ejaculatorius a cirrus v cirrovém vaku

Samici soustava — vajecnik, ovidukt, receptaculum
seminis, parové zloutkové trsy, ootyp, Mehlisovy
zlazky, Laurerdv kanal, déloha zakonéend svalnatym
metratermem a pohlavni atrium ustici na povrch téla

Motolice jsou oviparni
Vajicka maji casto vicko - operculum



Pohlavni soustava motolic

Oral sucker

Caecum

Ventral sucker

Vitellaria

Uterus

Ovary

Mehlis’ gland

Excretory bladder

Oral sucker
Pharynx

Caecum

Ventral sucker

Vitellaria

Uterus —

Ovary
Mehlis’ gland

Excretory bladder




Samci reprodukeni

Prostate ',’{f!

gland ‘:1. N .
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Common genital pore
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Samici reprodukcni soustava

oocapt

oviduct

receptaculum

N+ laurer's canal

mucous gland cells

uterus



Vitelaria a ovidukty

oral sucker

pharynx
esophagus

X
N

N

N

prostate

gland cells
R cecum

seminal vesicle

seminal vesicle
cirrus sac —f .
] i cirrus
—i land cells E .
A 5 seminal vesicle il i

around
metraterm  Mehlis’ gland

ovary —
Laurer’s canal

median yolk duct

vas deferens

ascending
vitellaria

limb of uterus -

#— anterior testis
vas deferens

posterior testis
excretory vesicle

descending limb of uterus

sperms in
descending uterus N

excretory pore
Fig. 9-8.  Plagiorchis (Multiglandularis) megalorchis, showing the dispersed distribution of the vitellaria and

vitelline ducts. (From Rees, courtesy of Parasitol.)
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Schéma oplozeni vajicek motolic

Ovary

Seminal
receptacle
with sperm

Dense body

Fusion of
sperm and
oocyte

Lipoprotein
membranous
body

Operculum

Tanned eggshell



Formovani obalu vajicka

FASCIOLA HEFATICA: EGG-SHELL FORMATION

Mehlis’ gland secreting
PAS +'* material

gland —
secretion ““'"°"§g§i’2,',‘§ﬁ profein *°

hardening ﬂlze‘ﬂﬂi i
enolase +

| fully formed
fertilized egg

lipoprotein
\  membrane
. forming

— sperm

shell globules

coalescing
1 ] to form shell
: - vitelline cells Y
o profein +*° i \ 7
¢
phenolase ** i valve st
phenolase #
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Vajicka motolic




Formovani vajicek motolic

o
e

rez zloutkovymi folikuly zloutkové bunky a tvofici se
vajecny obal
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Rez vajickem v déloze

Viscous cushion

Developing
miracidium
Vitelline

membrane

Shell



MONOGENEA



Monogenea - uvod

* Ektoparaziti — ryby, obojzivelnici, plazi, kytovci,
hlavonozci

 Endoparaziti— Acolpenteron nefriticus
Enterogyrus spp.
Nitzschia sturionis
Polystoma integerinum
Oculotrema hippopotami
Evolucni expanze monogenei
Vyznamni patogeni v chovech ryb



Kolonizace zaberniho aparatu
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Monogenea — tvar téla

Wwo i
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Monogenea — zakladni morfologie

Adhesive
area

Lip (tucked inside
pharyngeal lumen)

Pharyngeal gland
Excretory pore
Internal reservoir

Bladder
External reservoir

Ootype m /;

Seminal receptacle

Eye
Mouth

Lumen of pharynx
"Penis”
Ejaculatory duct

Seminal vesicle

Vaginal opening

»~ Vagina

Vitelline reservoir

Ovary o

Efferent duct from ,(— —
1
l

Vitelline follicle
spermatophore gland

Intestine ’k (R

Glands of Goto
Extrinsic muscle

Tendon

-
; — Marginal valve
Transverse fibers \

—+ Accessory sclerite

‘j'/ 1mm
/

/7( Marginal hooklet

Posterior
hamulus



Monogenea — druhova rozmanitost

e Cca 5000 tis druht (cca 30 000 druht ryb)
* Velikost téla (od 0,2 do nékolik mm)

 Morfologie — bilateralni symetrie
dorsoventralné zplostéli
tegument
svalova soustava
nervova soustava
travici soustava
vyluCovaci soustava — protonefridie
pohlavni soustava — hermafroditi - vejcorodi
zivorodi

Primé zivotni cykly



Monogenea - zakladni charakteristika




Dactylogyrus
vejcorodi

Eyes

Pharynx

%{ Vitellaria
.\

s Accessory piece
; 7 Copulatory organ
Vagina

Prostate gland

Seminal vesicle

B

¥
=

Seminal receptacle

1— Vas deferens

+— Ovary

Testis

Gut

Bar

£ 7 f,v Marginal hook
R
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Anterior attachment organs

Gyrodactylus

zivorodi

T 7
"\i\;‘ s Anterior attachment organs

5 Excretory vesicle
= Pharynx
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Seminal vesicle
Developing embryo
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Gut

Uterus

1 Egg cell formation region
- Developing egg

Testis

Vitellaria?
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Dorsal bar
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Monocotylidae

Loimoidae

= Dionchidae

b Capsalidae
Lagarocotylidae

Montchadskyellidae

Euzetrema
Tetraonchoididae

Bothitrematidae

Anoplodiscidae

Calceostomatidae

Neodactylodiscidae

Amphibdellatidae

Dactylogyridae
—:E Diplectanidae
Pseudomurraytrematidae

Neotetraonchidae
—l E Tetraonchidae
Sundanonchidae

p—— Polystomatidae

b Sphyranuridae
Chimaericolidae

— Diclybothriidae

b Hexabothriidae
Plectanocotylidae

ﬁ
I_: Mazocraeidae
Mazoplectidae
Discocotylidae
Diplozoidae

Octomacridae
Anthocotylidae

Pseudodiclidophoridae

Protomicrocotylidae

Allodiscocotylidae
—l_: Chauhaneidae
Pseudomazocraeidae

Bychowskycotylidae

Gastrocotylidae
—|_: Gotocotylidae
Neothoracocotylidae

Hexostomatidae

Axinidae

Microcotylidae
Heteraxinidae

Diplasiocotylidae
Diclidophoridae
Allopyragraphoridae

pr—Pterinotrematidae
Pyragraphoridae
Rhinecotylidae
Heteromicrocotylidae

[ Udonellidae
1 Gyrodacyivee
Acanthocotylidae

Figure 10.4

Strict consensus tree for sister-
group relationships of 53 families
of Monogenoidea from the 2899
equally parsimonious solutions
obtained with PAUP*,



Funkce opisthaptoru monogenei

Peduncle
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Opisthaptor - Polyonchoinea

Hamulus
Dorsal bar

;™ Ventral bar and shield

Marginal hook
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Opisthaptor - Heteronchoinea
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Monogenea — tvar téla

Dactylogyrus Polystoma Diplozoon
Polyonchoinea Polystomatoinea Oligochoinea




Reproduchni soustava

vejcorodi zivorodi

Vitellaria

Accessory piece
Copulatory organ
Vagina
Prostate gland
Seminal vesicle

Seminal receptacle

-— Vas deferens

— Ovary

Testis

Copulatory organ

Seminal vesicle

Developing embryo

Vas deferens

— Gut

Uterus

Egg cell formation region

Developing egg

,",;“ — Testis

Vitellaria?




Reproducni soustava

genitointestinaoni kanal (Gl)
bez vyvinutého GI s vyvinutym Gl

Figure 19.10 Basic types of female
reproductive systems in monogeneans.

(a) Vagina connecting to oviduct (“true”
vagina), with genitointestinal canal absent:
(b) vagina connecting to vitelline ducts (“duc-
tus vaginalis”), with genitointestinal canal
present; dv, “ductus vaginalis”; g, gut; gi, gen-
itointestinal canal; o, germarium; oo, ootype;
ov, oviduct; u, uterus; v, “true” vagina; vc,
vitelline canal.

From W. A. Boeger and D. C. Kritsky, “Phylogeny and a
revised classification of the Monogenoidea Bychowsky,
1937 (Platyhelminthes),” in Systematic Parasitol. 26:1-32.

Copyright © 1993 The Natural History Museum, London.
Reprinted by permission.

Polyonchoinea Oligonchoinea



Morfologicka rozmanitost
Typy opisthaptoru Evoluce opisthaptoru




Prichycovaci aparat — 4 zakladni typy
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naptor se suplementarnimi disky

naptor s metamorfovanymi prisavkami



risavkami

V 4

ymi prisav

isthaptor se svalov

Op

_.. -
1)
.

o 2 .,‘., ‘ ..4,.,,. 1 .m«.. . ..A ,.\.4 =X _‘. -.%ﬁ ow.l I
E ~ g A 4] S} oo, .n ..u.-.. W# 1
-~ 3 u‘ § ..M.v ... : Y ; L . %m—r WMW-WW’!W“/ -
) "\ : £ ,..| .W .

v}

yerc ) 3




Opisthaptor se svalovymi prisavkami

Plate 2

Scheme of sucker-like opisthaptors with muscular septa.
1 - Dasybatotrema, 2 - Monocotyle, 3 - Merizocotyle, 4 -
Thaumatocotyle, 5 - Empruthotrema (after Bychowsky 1957)



Opisthaptor se sklerotizovanymi strukturami

Plate 3

Opisthaptors with sclerotized hooked structures, connecting

and supporting sclerites. 1 - Bivaginogyrus obscurus (after

Gussev 1985), 2 - Dactylogyrus extensus (after Gussev 1985),
3 - Tetraonchus monenteron (after Gussev and Pugachev 1985),
4 - Polyclithrum mugilini (after Rogers 1967), 5 - Bothitre-
ma bothi (after Bychowsky 1957).



Opisthaptor se sklerotizovanymi strukturami

/

~Marginal hook

Hamulus

Bar

Hamulus
\ b // /// —=7~—Dorsal bar

™ \Ventral bar and shield

Ph—— Marginal hook




Opisthaptor se suplementarnimi disky

Plate 4

Suplemetary discs. 1,2 - Dipiectanum similis, 3 = La-

mellodiscus elegans (after Bychowsky 1957)




Opisthaptor s metamorfovanymi prisavkami

Opisthaptors with suckers and clamps. 1 - Squaloncho-
cotyle ginglymostomae (after Brooks 1934), 2 - Win-
kenthughesia bramae (after Bychowsky 1957), 3 - Di-
clidophora denticulata (after Bychowsky 1957).



Opisthaptor s metamorfovanymi prisavkami

Typical clamps. 1 - Eudiplozoon, 2 - Discocotyle, 3,4,5 -
Paradiplozoon, é - Heterobothrium, 7 - Choricotyle, 8 -
Diclidophora. (1-5 after Khotenovskyi 1985, é-8 after By-
chowsky 1957).
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Monogenea — primitivni svorky

Primitive clamps of Diclybothriidae and Chimaeri-
colidae. 1 - Erpocotyle maccalumi (after Euzet
and Maillard 1967), 2 - Chimaericola leptogaster
(after Bychowsky 1957 and Brinkmann 1942).



Strukturalni rozmanitost opisthaptoru
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Measuremets of individual parts of: A - marginal hooks (a -
total length, b - length of handle, ¢ - length of hook proper),
B - anchors (a - inner length, b - nuther leggth c - length
of shaft, d - length of point, e - length of inner root, f -
length nf outer root, g - length of patch), C - cnnnectlng
bars (a - length, b - wide, ¢ - length of lateral process,

d - length of shield).



Zakladni typy marginalnich hacku




Zakladni typy strednich hacku
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Zakladni typy marginalnich hacku




Zakladni typy spojovacich desticek
C——O
CO— =

W%)
,




Typy kopulacniho aparatu - monopistocotylea




Typy kopulacniho aparatu - polyopistocotylea

Cpulatory apparatuses of some higher monogeneans. 1 - Mi-
crocotyle panceri (after Ktari 1970), 2 - Octostoma minor
(after Bychowsky and Nagibina 1954), 3 - Atriaster hete-

rodus (after Euzet and Maillard 1973), 4 - Heteraxinoides
hanibali (after Euzet et Ktari 1970).



daktylogyridi




Zivotni cyklus - Dactylogyrus

Anterior attachment organs
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Zivotni cyklus - gyrodactylus

Anterior attachment organs

Excretory vesicle
Pharynx

Copulatory organ
Seminal vesicle

Developing embryo
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Fylogeneze Monopisthocotylea

100
100
100
R
16 85
| ISR

0 =

Digenea

Polyopisthocotylea

Neoheterocotyle

Loimosina

Calicotyle

Heterocotyle sp.

Heterocotyle capricornensis

Monocotyle

Troglocephalus

Merizocotyle

Caballerocotyla (+ other capsalids) + Dionchus
Euzetrema + gyrodactylids

Udonella

Acanthocotyle + Trochopus

Myxinidocotyle

Anoplodiscus

Amphibdella + Amphibdelloides
Diplectanum (+ other diplectanids)
Calceostoma

Cichlidogyrus + Cleithrarcticus + Tetraonchus

Pseudodactylogyrus + Sundanonchus

Outgroup
Polyopisthocotylea

Monocotylidae
+ Loimoidae

Capsalidae
+ Dionchidae
+ Acanthocotylidae
+ Myxinidocotylidae
+ Udonellidae

Anoplodiscidae
+ Amphibdellatidae
+ Diplectanidae
+ Calceostomatidae
+ Ancyrocephalidae
+ Pseudodactylogyridae
+ Sundanonchidae
+ Tetraonchidae
+ Tetraonchoididae

Figure 2/.2 Majority-rule consensus tree of
monopisthocotylean relationships
obtained by a parsimony analysis
of the matrix in Table 2I.3.
Bootstrap values are indicated
above branches.



Gasterostomata

Heronimoinae

Bucephalidae
Heronimidae

Prosostomata

Fascioloidae

Fascioloinae

Faustulida

Faustulidae

r— Haplosplanchnidae
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Trematoda — Heteronchoinea

Cestoda Polyonchoinea
— Heteronchoinea Trematoda
_|: Polyonchoinea g - Cestoda
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Heteronchoinea Heteronchoinea
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Pseudodiplorchis americanus — sezénni cyklus

Transmission of infective
stages of the parasite while
hosts spawn
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Monocotylidae

Loimoidae
= Dionchidae

—— Capsalidae

Lagarocotylidae

Montchadskyellidae

Euzetrema
Tetraonchowdidae

Bothitrematidae

Anoplodiscidae
Udonellidae

—

l__: Gyrodactylidae
Acanthocotylidae
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Neodactylodiscidae

Amphibdellatidae
Dactylogyndae
Diplectanidae
Pseudomurraytrematidae
Neotetraonchidae
Tetraonchidae
Sundanonchidae
pr— POlystomatidae

b Sphyranundae
Chimaercolidae

= Diclybothriidae

b Hexabothriidae
[ Plectanocotylidae

Mazocraeid
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Pseudodiclidophoridae
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