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Rozmanist clenovcu

Nejpocetnéjsi skupina e Paraziti
(80% i|VOé|ChG) ° Parazitoidi
Zavazni cizopasnici * Kleptoparaziti

clovéka a hosp. zvirat :
P * Forezie

Siroka skala parazitismu Hyperparaziti

Ektoparazit * Socialni paraziti

Endoparaziti
(500druhu)

e Otrokarstvi



Trombiculidae

Tetranychoidea (Chiggers)

¥
Anystae /.

Parasitengona

Cheyletoidea

Raphignathoidea

Heterostigmata

Schizomida Phasmida (Walking sticks,
Thelyphonid
SRR Artrestan Isoptera (Termites)
Labidostommatoidea Amblypygi

Halacaroidea

Hypoteticka fylogeneze ¢lenovci

Lygaeidae %

Grylloblattaria (Mole crickets
Embiidina (Webspinners)
Plecoptera (Stoneflies)

Dermaptera (Earwigs)
Zoraptera

Mantodea (Praying mantises)
Blattaria (Roaches)

Hemiptera (True bugs)
QOdonata Thysanoptera (Thrips)

Bdelloidea s Arananeae (Spiders) (Dragon- and damselflies) Pscoptera (Book lice)
dsid QProstigmata Mallophaga (Chewing li :
Eupodoidea T o Pseudoscorpiones Ephemeroptera allophaga (Chewing lice) £
Tydzoidecl Sphaerolich[dq ) romb|d|f°rmes Solifugae (Mayflie.s) Q Holome'fabold Angpmra (Sucking ]ice) 5% 4 "!.I
Eriophyoidea ; Acariformes L Palpigrada Zygentoma 5 Coleoptera (Beetles)  +<
Sarcoptiformes 0 Seorvisrida (Silverfish) Pterygota :l"eur'orp'rir'a (Lacewings)
. egalopter
B - (Scorpions)  Archaeognatha .
ndeostigmata Acari O Insecta Raphidiodea (Antlions)
Ovili Hymenoptera (Wasps,Bees,Ants) mphalidae {13 P
‘Oribatida (A) Ricinulei - Hexapodag , s (‘:. -a‘:?i
Crust Collembola Trichoptera (Caddisflies) B | 1
Opilioacariformes : " S (Springtails) Pyralidae & ¢ .
Pycnogonida /Q Chelicerata _ 2 Lepidoptera ’ '
*Oribatida (B 5 . Myriapod Japygina LI . (Butterflies and Moths)
FI"GSITIformes D Merostomata J yr de a e /.
: Siphonaptera (Fleas)
. Strepsiptera P
i 0"Mandibulata
Ast i : d :
s |gma- a Symphyla = pes (Twisted wing fhes) Mecoptera (Scorpionflies)
of Nematocera Diptera (Flies)

Mesostigmata

/ Diplopoda (Millipedes) | :

) J Holothyrida Chilopoda (Centipedes) i
Ixodida (Ticks)

Trilobata

Pauropoda ,

rachycera

= &Tobanr’dae
Rhagionidae

Q CYC|°”'haPha Hippoboscidae

Streblidae
0 Nycteribiidae
Pupipara

P

— /?’sychodidae\

Glossinidae
Chloropidae

Simuliidae

Ceratopogonidae



PICTORIAL KEY TO MAJOR CLASSES AND ORDERS OF ADULT ARTHROPODS OF PUBLIC HEALTH IMPORTANCE
Harry D. Pratt and Chester J. Stojanovich

— 1
WITH 3 OR 4 PAIRS OF LEGS WITH 5 OR MORE PAIRS OF LEGS

U.§. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE, Communicable Disease Center
mmhsczmm

I3

L
r r 1
3 PAIRS OF LEGS 4 PAIRS OF LEGS TYPICALLY 5-7 PAIRS OF 10 OR MORE PAIRS OF LEGS,
I PAIR OF ANTENNAE NO ANTENNAE LEGS; 2 PAIRS OF ANTENNAE | PAIR OF ANTENNAE

CLASS INSECTA CLASS ARACHMNIDA CLASS CRUSTACEA
TRUE INSECTS

SCORPIONS, SPIDERS, TICKS, MITES CRABS, SHRIMPS, LOBSTERS, COPEPODS ]
i

2 1

WITH PLERCING , SUCKING WITH CHEWING
! 5 ABDOMEN ELONGATE
SPONGING OR LAPPING MOUTHPARTS SO TRG LN STEHGER

MOUTHPARTS

GROER ORTHOPTERA] J ORDER_SCORPIONIDA
COCKROACHES SCORPIONS
[—

WINGS OR WING WINGS OR WING
PADS PRESENT PADS ABSENT

r

STRONG CONSTRICTION NO CONSTRICTION BETWEEN
BETWEEN CEPHALOTHORAX CEPHALOTHORAX AND ABDOMEN
AND ABDOMEN

PROBOSCIS SEGMENTED PROBOSCIS NOT SEGMENTED

ORDER ARANEIDA ORDER ACARINA
SPIDERS. TARANTULAS TICKS AND MITES
r
OMNE PAIR OF LEGS

TWO PAiIR OF LEGS
ORDER HEMIPTERA ORDER DIPTERA PER BODY SEGMENT PER BODY SEGMENT
BED BUGS, KISSING BUGS FLIES, MOSQUITOES

r
ABDOMEN COMPRESSED LATERALLY, ABDOMEN DEPRESSED DORSO-
LEGS ADAPTED FOR JUMPING VENTRALLY, LEGS ADAPTED FOR
CLASPING HAIRS

GRDER SIPHONAPTERA URDER ANOPLURA
FLEAS SUCKING LICE CENTIPEDES
FIGURE 1.1 Representatives

CLASS DIPLOPODA
MILLIPEDES

of the major groups of arthropods.



Zakladni typy vyvoje hmyzu

AMETABOLOUS DEVELOPMENT

First Instar

Molt

Second Instar

Third Instar

Fourth Instar

Molt

Adult
Silverfish

HEMIMETABOLOUS DEVELOPMENT

HOLOMETABOLOUS DEVELOPMENT

First Instar

Second Instar

-

Third Instar

Molt and Metamorphosis

Grasshopper



Rozmanitost clenovcu




Rozmanitost clenovcu - blechy

FIGURE 7.6 Common fleas: Ctenocephalides felis female (A) and male (B); Pulex irritans female (C) and male
(D); Xenopsylla cheopis female (E) and male (F); Tunga penetrans male (G) and female (H); Echidnophaga galli-
nacea female (I) and male (J); Oropsylla montana female (K) and male (L); Nosopsyllus fasciatus female (M) and
male (N); Ceratophyllus gallinae female (O) and male (P).



Rozmanitost
medicinsky
vyznamnych roztoc

Co

A — Ornithonyssus bacoti
B — Ornithonyssus bursa
C — Gantheria sp

D — Dermatophagoides
farinea

E - Zygoribatula




Clenovci - formy parazitismu

Paraziti * Paraziti
Parazitoidi * Trvali (permanentni) -vsi,
Kleptoparaziti kloSi — saji opakované na

Forezie tomtéz hostiteli po cely ZC

o .. * - Docasni (temporarni
Socialni paraziti ( P )
A - komari, ovadi, plostice
Otrokarstvi P p” '
flebotomové - saji relativné

kratce - mikroparaziti



Formy parazitismu - parazitoidi

Parazitoid — strategie blizka predaci * Nejcastéji Hymenoptera — 50tis a
— zabiji svého hostitele na konci Diptera — 15tis druhq, ale i
vyvoje — vyzira organy a tkané — ziva brouci, motyli, sitokridli — odhad
konzerva — velikost srovnatelna. az 25% hmyzu.

e Zastupci Hymenoptera — lumci
Hostitelé jsou vSechna vyvojova (Ichneurnomdae_)c_lumuu
stddia hmyzu i dalSich bezobratlych (Braconldae){ VeJ”thv,
— napk. housenky motyld, larvy (Proctotrupoidea), msicomary
blanokfidlych, pavouci. (Aphiidae), vejcomary

(Scelionidae), chalcidky
(Chalcidoidea)
* Hlavné Apocrita — sStihly pas —
adaptace na vpich vajicek do H
. . * Primitivni vosy (Scoliidae,
Hyperparazitismus — parazitace Tiphiidae, Mutiliidae) — kladélko —
larev blanokridlych - parazitoidu ahavy organ — ochromeni H —
pak kladeni vajicka.

* Hrabalky (Pompiloidea) svého H
zahrabou do podzemniho hnizda,

Nevymésuji — slepé strevo —
defekace az po ukonceni vyvoje v H



Socialni parazitismus a otrokarstvvi

Nejcastéji Hymenoptera

Parazitické druhy jsou zavislé na ¢lenech
kolonie socialniho hmyzu — Formicidae,
Myrmicidae a vcely.

Socialni parazitismus vznikl nékolikrat na sobé
nezavisle — rlzné strategie a socialni organizace
jak u parazitoid( tak u hostiteld.

Dva typy — (1) slozena hnizda a (2) smiSené
kolonie

(1) slozena hnizda - nepribuzné druhy — P
krade potravu a Zere potomstvo H v mravenisti
a nebo 2 druhy zZiji spole¢né - jeden ovlada
druhy a je jim krmen regurgitovanou potravou

(2) smiSené kolonie:
docasny socidlni parazitismus (DSP)
Otrokarstvi (dulosis)

Staly parazitismus (inkvilinismus) bez
otrokarstvi

DSP — oplozena kralovna pronikne do kolonie
H — maskuje se - zabije ptvodni krdlovnu —
produkuje potomky a nahradi plvodni druh
Otrokarstvi — vyuziti pro praci — mravenci —
najezdy do hnizd - kradou larvy a kukly.
Otrokari ¢asto nejsou schopni ziskavat
potravu — adaptace — Celisti zabijejici branici
se délnice.

Invilinismus - nejcastéjsi strategie u
mravencl — P krdlovnu nezabiji, ale vyuziva
celou strukturu a organizaci kolonie pro sv(j
prospéch. P produkuje pouze sexualni kastu a
pripadné vojaky.

Smiseni kolonii — fylogeneticka pribuznost
partnerl — hypotézy vzniku

Hnizdni parazitismu i u véel — cca 15% druh
— v€ela naklade vaji¢ka do hnizda jiného
druhu — larva zlikviduje vejce ¢i larvu H.
Paraziticka vcela je ¢asto podobnd svému H.



Kleptoparazitismus a forézie

Kleptoparaziti — ujidaji
svému hostiteli od ust —
snizuji tak mnozstvi prijaté
potravy

Jiné vyuziti hostitele —
forézie — hostitel slouzi jako
prepravni prostredek

Braula coeca —
kleptomanicka a foreticka
moucha

okrada rizné hmyzi a
pavouci predatory

Drobni kleptoparaziti —
casto mali roztoCi — tiplici —
vykradaji pavouci sité
Okradani jsou Casto napt.
listorozi brouci —
hovnivalové — parazituji jim
na kulickach larvy much
(Sphaeroceridae) — kulicka
jim slouzi jako misto vyvoje
potomstva



Externi anatomie hmyzu

Hindwing

Ocellus Cervix  Forewing A/

Cercus
Epiproct

Paraproct
} Ovipositor
. Tergite
\
|
Mouthparts |
i
| |
Antenna Cervical Leg Spiracle Wing Spiracle Leg Sternite

sclerite base base



Morfologie a anatomie clenovcu

Kutikula — exoskelet
(polysacharid chitin)

Crustacea + uhlic¢itan
vapenaty

Segmentace téla

Clankované koncetiny

Hlava, hrud, zadecek

Tagmatizace — splyvani
clanku - cephalothorax
Exoskelet — tergum,
sternum a dvé bocni
casti

5-6 dilné koncetiny
(coxa, trochanter,

femur, patella, tibia,
tarsus) na konci drapky



Stavba kutikuly

ECJ_ . — ]\Ec
EX 1 3 ~

L

OE HM

Fig.3.56. Diagrammatic representation of a typical insect EX, exocuticle; GC, gland cell; GD, gland ductus;
cuticle. BL, Basal lamina; CE, cement layer; CU, cuticulin  HM, hemocyte; OE, oenocyte; P, pore canal; PO, polyphe-
layer; EC, epicuticle; EN, endocuticle; EP, epidermis;  nol layer; W, wax layer



Stavba kutikuly klistéte

procuticle

((((((((((((((
(

(((((((((((((

&N epidermis

e basal lamina

Fig.3.52. Diagrammatic representation of the acarine cuti-



Rez kutikulou klitéte

Fig.3.51A, B. Transmission electron micrographs of the  fomosoides carinii (x 1.700). BC, Body cavity; CU, cuticle;
cuticle of acarids. A Ixodid tick (Ixodes ricinus) (x D, digested blood; HY, hypodermis; IN, intestinal branch;
2.000). B Mite (Bdellonyssus sp.), which contains a second LA, nematode larva; MU, muscle strand; N, nucleus;
stage larva (in cross section) of the rodent filarial worm Li- P, pore channels; T, tracheole



Morfologie a anatomie clenovcu

VylucCovaci soustava —
metanefridie a malpighické
trubice — vychlipenina streva

Obéhova soustava — otevrenad
(hemolymfa)

Dychaci soustava — vzdusnice —
trachealni zabry a vzdusné vaky

Nervova soustava — zebrickova —
cephalizace

Gonochoristé - sexualni
dimorfismus

Smyslové organy — oculi

compositi — slozené oci (facety) +
jednoduché odi (ocelli, omatidia) -
u parazitl oci i chybi

Travici soustava — trubicovita

— Stomodeum — proboscis — ustni
dutina, hltan, jicen, Zaludek, vole —
esofagealni diverticulum

— Proctodeum (zadni stfevo) — pylorus
(Usti zde MT — 2 az 6), konecnik
rectum Ci rektalni ampule.

Stomodeum a proctodeum —

ektodermalni pdvod — chitin

Mezenteron — stfedni stfevo — bez chitinu
— resorbce a traveni prijaté potravy



Muscuatura a pohyb kridel

M /.
Vertical muscles Longitudinal muscles >
contracted contracted



Ustni Ustroji kobylky

RIGHT
LEFT
Antenna (-ae) Vertex
Ocellus (-i)
Compound eye
Clypeus Mandible
Labrum Maxillary palp
Mandible Labum Labial palp
Maxillary palp
Galea
Palpifer Lacinia (-iae)

Cardo Submentum

Maxilla

Labial palp
Ligula



ANOPLURA

Pthirius pubis (A)
Haematopinus suis (B)

H. suis — saci Ustroji zatazené
do ustni dutiny (C)

Vajicko s vickem — Pediculus
humanus capitis (D)

AB — zadecek
AT —tykadlo
CA —hlava
CL-hak

EG — vajicko

H — lidsky vlas
M — Ustni otvor
O —vicko

SE —seta

TH - hrud’




Adaptace ustniho ustroji hmyzu

Insect mouthparts
sucking lapping chewing

Mouthparts of insects

o Butterfly P Beetle
’ ‘l’@ﬁ : Y Qkﬁ
butterfly beetle '

A .

il

©
cicada housefly grasshopper
{front view) (front view) (side view)

© 2011 Encyclopaedia Britannica, Inc.



Hlava a ustni ustroji mouchy

SIDE VIEW FRONT VIEW

Ocelli | 7 , Antenna

Compound
eye

/ Z Maxillary palp
Labrum-epipharynx z
Labium

Labella



Ustni ustroji hmyzu

A, B — Caliophora erythrocehala
C, E - Simulium damnosum

D — Triatoma infestans

AT — antény

EY — sloZené oci
H - haustellum
LA —labellum
PR — proboscis
S —slinny vyvod

Fig.3.85A-E. Mouthparts of insects (scanning electron mi-
crographs). A, B Calliphora erythrocephala; note the salivary
ductules on the labella (4 x 150, B x 200). C, E Simulium
damnosum; heads of a male (C) and a female (E) adult; note
that the compound eye of males includes two types of omma-

tidia (x 50). D Triatoma infestans; note that the mouthparts
are included in a protrusible proboscis (rostrum) (x 20).
AT, Antenna; EY, compound eye; H, haustellum; LA, la-
bellum; PR, proboscis; S, salivary ductule



DIPTERA
hlava komara
samice (A)
samec (B)

AT — tykadlo

EY- sloZzené oko

LB — labium nesouci bodaci ustroji
LE — noha

PT — protothorax

SC - Supinky




DIPTERA

Glossina morsitans SEM (A)
Chrysops sp. SEM (B)

AR — arista

AT — tykadla

CA —hlava

EY —slozené odi

LA — labium (pysk)

LG —noha

PT — protothorax

ST — bodaci ¢ast ustniho Ustroji




*"ﬁ"‘ S A

DIPTERA _ L N —
Lipoptena cervi (A) '
Stomoxys calcitrans (B)

PR
“&

AR — arista
AT —tykadlo
EY — slozené oko

’

ST — styletova saci ¢ast Ustniho Ustroji




Ustni Ustroji plostice versus komar

Rhodnius

) Labium
Mandibles

/Maxillary bundle

Left maxilla ~Labial sulcus
'\\ Right maxilla

(
|

D

Anopheles

Food channel

. \\ andible
\/ﬂ:\m:p:]arynxi-
—%salivary duct

\\"’X Maxilla
w/ Labium (sheath

Labrum-
epipharynx

around fascicle)

-~

V

J

aja1ase



Puvod jednotlivych casti ustniho ustroji
hmyzu

DLabmm DMandible DMainIa [:lLabium DHypopharynx



Schéma nervoveé soustavy

Hypocerebral Circumesophageal  Subesophageal Longitudi
_ ' . gitudinal
ganglion connective ganglion connectives gaa:gt?én
Brain

,.a/‘./b——_'_-'\;

L\ )

o _ !‘). - Thoracic ganglia
7P (
Frontal Y ~% "~\> ! 31

ganglion |

l
MM ST Mg SMAY N
A YaRataNava'avaVaya i



Schéma mozku hmyzu - cephalizace

Ocellar nerve Optic lobe

Protocerebrum

Antennal nerve

Deutocerebrum

Tritocerebrum

Frontal ganglion

Circumesophageal

Subesophageal
ganglion




Zazivaci soustava hmyzu

Foregut Midgut Hindgut
r~ - e A - - & —
To right
s?hvgry "
gland and  Foregut Stomodae! Malpighian Pyloric Anterior
reservoir intima  Crop Denticle valve Ventriculus tubule vZIve intestine
Esophagus .
Hindgut
Hypopharynx intima
Pharynx
Mouth\ 4 ' ey :
Labium-\— W, \] P | i
Labrum J A T
Cibarium | b
(preoral alivary Left Left Proventriculus Gastric  Peritrophic Pyloric Rectum Anus
cavity) duct salivary salivary caecum membrane ampulla

o gland reservoir
Salivarium



Prijem potravy a traveni

Extracelularni traveni —
hydrololytické enzymy jsou
sekretovany do lumenu
mesenteronu — mikrovili

Epitel mezenteronu
produkuje peritrofickou
matrix a absorbuje vodu,
ionty a ziviny

Intracelularni traveni u
roztocCu

Mezeteron — mnozstvi
zahybu — epitel bez mikrovili
ale tvori jej travici bunky —
pohlcuji potravu — ve streve
mininum proteaz —vhodné
pro prenos patogenu

Peritroficka membrana
(matrix) u vétSiny hmyzu —
obaluje potravu —fyzikalni
bariéra vuci
mikroorganismum



Schéma intestinalniho traktu hmyzu

\r\\'l\*;\
‘::}\‘,, Tl 2 feiol o[ /\e]o«
%
N 56
Fig.3.84. Diagrammatic representation of the intestinal tract

of insects (after Weber). AN, Anus; CR, crop; ES, esopha-
gus; HG, hindgut; M, mouth; MG, midgut; MP, malpi-

ghian tubes; PM, peritrophic membrane; PR, proventricu-
lus; RE, rectum; SD, salivary duct; SG, salivary gland;
VC, valvula cardiaca; VP, valvula pylorica



Formovani peritrofické membrany

AMG

Fig.3.38. In adult female mosquitoes different amounts of
peritrophic membrane are formed in the two parts of the
midgut. A small amount is secreted by the cells of the anteri-
or region (AMG) and transported to the junction of the ante-

rior and posterior midgut, whereas large amounts are pro-
duced by the posterior midgut (PMG) to envelop each blood
meal (BM). BM,, BM,, first and second blood meals; HG,
hindgut. (After Peters 1976)



Funkce peritrofické membrany

obaluje prijatou potravu

chrani pred primy kontaktem s krvi

fyzikalni bariéra vuci mikroorganismim

prostorové oddeéleni Casti procesu traveni

je slozena z polysacharidu chitinu a z proteinu (peritrofiny)

* Diskontinualni matrix * Kontinualni matrix

U komaru a jinych * U glosin a brachycera
nemarocera * Produkuji specializované

* Syntetizuje se kontinualné a bunky v predni Casti
ze vsech bunék mezenteronu
mezenteronu

* Pouze nékolik hodin po
nasati krve

* Po straveni krve se rozpada



Tvorba peritrofické membrany

PR
MG

PO R e

e R 1"’!‘“’”’:‘

mr@wmum T

e «4&»;—»«-»«*«4

2
o
'?ETL

i uumuw LA mmmm QLU OO L CLO B A LA mmmT

Fig.3.39. Diagrammatic representation of the cardia

of

those insects in which only a short zone of specialized cells at
the beginning of the midgut is able to produce a tubelike
peritrophic membrane, which may consist of several layers
(after Peters 1976). CU, Cuticle; EP, epithelial cell; ES,
esophagus; MG, midgut; MV, microvilli; N, nucleus;

PM, peritrophic membrane; PR, proventriculus



Zazivaci trakt a mozek roztoce

pharynx

esophagus

brain

gastric
ceca

midgut =
ventriculus

malpighian
tubule

intestine

hindgut

Fig.3.83. Diagrammatic represen-

tation of the alimentary tract and

the brain of a mite (Caminella,
anus Gamasida). (After Ainscough 1960)



Pohlavni soustava hmyzu

Samici soustava

Ovaria slozena z ovariol —
rourkovita, obalena
membranou propria

Germanium — vznik a rust
vajicek

Vitelarium —produkce
Zloutku

Hmyz je oviparni, larviparni
nebo pupiparni

Samci soustava

Varlata — rourkovité folikuly
— vznik spermii
Spermidukty- do nichz Usti
pridatné zlazy

Chamomet — spojeni SpD —
ductus ejaculatorius
Kopulacni organ — phalus
penis



Pohlavni soustava hmyzu

Samici soustava Samci soustava

Testes

Terminal ;“ \ |
filament /'f ‘
; \ Vas deferens ___;(éégi
) hf ¢ \\\
Ovariole a2 f i ‘ / AQ | - Ovary Accessory glands
B Y v § E

Seminal vesicle

Calyx

Lateral oviduct
Accessory gland
Common oviduct

Ejaculatory duct

i Penis j
Spermatheca Spermathecal

Gonopore

Vagina

gland



Gonotroficky cyklus

Stupen traveni krve

1. stfevo bez krve

2. stredni strevo plné
nasaté krve

3. krev jasne Cervena,
zabira 4 az 4,5
zadecCkovych ¢lanku

4. krev tmave Cervena

5 az 6. krev ve streveée
cerna

7. krev stravena, strevo
prazdné

e Faze vyvoje folikula

1. Tvori se folikularni epitel —
diferenciace oocytu a
trofocytu

2.V plazme oocytu se tvori
zloutkova zrna

3.V plazmé oocytu je shluk
Zloutkovych zrn — zloutek
se zvetsuje — oocyt —
polovina folikulu

4a Oocyt — az 75% folikulu

4b Oocyt vice nez 75%
folikulu

5. Zralé vajicko



Morfologie Ustniho Ustroji roztocu




Stavba rozmnozovaci soustavy roztocu

Gamasida a Actinedida

ovary uterus

oviduct vagina

Ixodida - Argasidae

accessory gland

Acaridida — Acarididae

receptaculum seminis

bursa copulatrix

Gamasida - Parasitidae

testes accessory gland

vas deferens ejaculatory duct

Actinedida -Erythraeidae













