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DICTYOPTERA (kudlanky, sSvabi, termiti)
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Generalized Drawing Micrograph Picture

Blattodea: Periplaneta america (Svab americky)



Protazeni hlavy

Coleoptera:
Curculionidae
(nosatcoviti)

Hemiptera: Heteroptera:
Hydrometridae (vodomeérkoviti)

Coleoptera: Attelabidae Blattodea: Termitidae: Nasutitermitinae
(zobonoskoviti) (kasta nasuti)

shutterstock.com « 1235497357

Diptera: Tipulidae .
Coleoptera: Brenthidae (dlouhanoviti) (tjplicoviti) Mecoptera (srpice)




Hemiptera: Auchenorrhyncha:

Hemiptera: Auchenorrhyncha:
Fulgoridae (svitilkoviti) P Y

Dictyopharidae (¢elnatkoviti)

Coleoptera: Scarabaeidae: Dynastinae Coleoptera: Scarabaeidae:
(nosorozici) Scarabaeinae (vrubouni)
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Diptera: Nycteribiidae (muchuloviti)
epignatie — U. U. stoceno nahoru (reverze o 180°)



Sklerotizace ventralni (spodni) ¢asti hlavy

a) generalized condition b) hypostomal bridge

bez ventralni sklerotizace
(pantotremni hlava)

postoccipital
suture

postocciput

FEHE posterior
+— tentorial pit

postgena

hypostomal
sulcus

subgena

Diptera
(mesotremni hlava)

hypostomal

postmentum 4% « bridge

prementum .

c) postgenal bridge i Coleoptera
(akrotremni hlava)

postoccipital fitiziiiiii)
suture ; .

postocciput R

posterior
tentorial pit

) i | —postgena
postgenal == hypostomal
bridge sulcus
subgena

Hymenoptera:
Vespidae

gula

submentum
labium A
maxilla

mandible

Chapman 2013



Generalizované cranium
Od¢i a tykadla

sutura ocularis

oculi compositi

fovea antennalis

torulus



* holopticka hlava e dichopticka hlava

Male Dorsal Eye

Female Eye

Male Ventral Eye

3 .l Diptera:
Diptera: Pipunculidae Diptera: Bibionidae (samec) Bibionidae (samice)



Diptera: Ulidiidae: Plagiocephalus
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De la Motte & Burkhardt 1983



Coleoptera: Gyrinidae (virnikoviti)
- rozdélené oci nad a pod hladinou

Ephemeroptera (jepice)
- turbanové oci u samcl

atthias Ilenked



Redukce slozenych oti Redukee
Y jednoduchych ocek

e parazité a jeskynné druhy
(troglobionti)

e cCasto u larev
samci trasnenek a cervcu

apterni msice
vodni plostice

vétsSina brouku (jedno ocko —
medialni - u kozojedu -
Dermestidae)

Coleoptera: Leiodidae: Leptodirus

Coleoptera: Dermestidae: Anthrenus



Generalizované cranium
Oc¢i a tykadla

sutura ocularis

oculi compositi

fovea antennalis

torulus



Antennal
mechanosensory

e ztrata svaloviny od 2. ¢lanku L TR
tykadel u Ectognatha

e pritomnost chordotonalniho
(Johnstonova) organu ve 2.
tykadlovém clanku u Ectognatha

Johnston(v orgén

pedicellus (2. ¢lanek)

sekundarné ¢lenény bicik (3. ¢lanek, flagellomery)

scapus
(1. ¢lanek)

Tykadla
(antennae)

svaly

ECTOGNATHA

heteronomni segmentace ENTOGNATHA

homonomni segmentace



Tykadla (antennae)

zde umistén

Ectognatha Johnstonuv

extensor

annuli
flexor levator
muscles . muscle
depressor
muscle

Entognatha

intrinsic muscles

of flagellar
segments
extensor
flexor muscles
muscles

levator
muscle



Gullan & Cranston 2014

Tvary tykadel
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e Ephemeroptera, Odonata:
kratka tykadla se
stetinovitym bicikem,
pedicel delSi nez scapus
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Gomphidae

scape  pedicel
!

Grimaldi & Engel 2005 EPHEMEROPTERA: Heptageniidae




Grimaldi & Engel 2005

Hemiptera:
Auchenorrhyncha (k Fisi)

Fulgoromorpha

flagellum =

sensilla
placodea

pedicellus
scapus

Cicadomorpha

Ossiannilsson 1978



* Platypsyllus castoris (Coleoptera:
Leiodidae, blechac bobfi),
vodomiloviti (Hydrophilidae),
vodanoviti (Hydraenidae): tykadla
uzpUsobena k zachyceni bubliny
vzduchu (antennae respiratores)

| 120077500

Hydrophilus piceus

Platypsyllus castoris

B

oo

Coleoptera: Gyrinidae
(virnici): tykadla
uzplsobena k vnimani
vinéni vodni hladiny




Collembola: Sminthuridae: Sminthurides (podrepka): samec pouziva modifikovana tykadla
k uchopeni samice pfi pareni




Enthognathni
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rida ENTOGNATHA (skrytocelistni)

A tykadlo
hrot
mandibuly
bipartite labium
moldarni deska
superlinguae
‘external’ mouthpar‘ts farmng the buccal cone mandibula stipes
enclosing the 1nterrla'l mouthparts
Tetrodonophnra bi e'lanensis zadni
' o cardo tentorium
Ventro-frontalni pohled na hlavu
chvostoskoka
mandibula
B pseudoculus

kanalek
maxillarni zlazy

fulcrum

prothorax

labidlni palpus

mandibula maxilla

spodni pysk A — dorsalni pohled na hlavu chvostoskoka Folsomia candida
— lateralni pohled na hlavu hmyzenky Acerentomon sp.



Ustni Gstroji - ECTOGNATHA (jevnocelistni)

GENAE

pleurostoma
CLYPEUS

mandibula

labrum

| labium
palpus maxillaris

maxilla
palpus labialis




coronal

: ‘ suture
epicranial suture
(an ecdysial line)
¥ frontal
suture

FRONT VIEW OF HEAD WITH
MOUTHPARTS IN SITU

compound eye

scape

pedicel

antenna —

adductor tendon

abductor
tendon

LABRUM

molar area

/ MANDIBLE

Forficula auricularia
(Skvor obecny)
— paraglossa l superlingua

Dermaptera . hypoptarymy Gullan & Cranston 2014

" LABIUM WITH
HYPOPHARYNX



Ustni astroji kousavé —

zakladni typ
Mandibula Maxilla
(kusadlo) (Celist 1. paru)
Labium
(spodni pysk,

srostlé celisti 2. paru)




Mandibula (kusadlo)

musculus abductor
\‘L kloubni jamka 2. kloubu
musculus (acetabulum)

adductor kloubni hlavice 1. kloubu
(condyle)

e velmi tvrdy skelet (inkrustace
napf. manganem — stupen 3
Mohsovy stupnice tvrdosti

 silny stisk: napf. Svab
Periplaneta americana 58

Incisivi N/cm?
(trhaky)




Kloubni spojeni remotor romotor

mandibul
(kusadel) \- | "W ventrélni

adduktor

monokondylni

adduktor abduktor

kloubni

ventralni hrbol

adduktor

dikondyini



Dikondylni mandibuly

vznik nového, sekundarniho
kloubu na mandibule-hlavové
schrance

synapomorfie Ectognatha, ale
modifikace u Archaeognatha,
Zygentoma a Ephemeroptera

disledek: omezeni pohybu
mandibuly do jedné roviny (jiz
nerotuje, silnéjsi stisk)
podstatné rozsireni potravnich
moznosti (napf. pyl, listy,
predace) a mikrohabitatu (napf.
listové miny, vnitrek stonkd,
drfevo apod.)
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Kusadla chvostnatek (Archaeognatha)

 mandibula je fixovana vybézkem na bazi maxilarniho palpu,
jamka na mandibule je homologicka s Dicondylia, spojeni
umoznuje rotaci

sy P e
T AN

Blanke et al. 2015




Kusadla chvostnatek (Archaeognatha)

 mandibula je fixovana vybézkem na bazi maxilarniho palpu,
jamka na mandibule je homologicka s Dicondylia, spojeni
umoznuje rotaci

Blanke et al. 2015



Kusadla chvostnatek (Archaeognatha)
mandibula fixovana vybézkem na bazi maxilarniho palpu, jamka
na mandibule je homologicka s Dicondylia, spojeni umoznuje
rotaci

(b)
T i "'_ “ | main
_ body
molar
mdmd 7, i
incisihval
area
(c)
(d)
X
INITIAL STATE PRONATION ant "J'ld

i i i S Blanke et al. 2015



Kusadla
rybenek
(Zygentoma)

* mandibula
fixovana
vybézkem
clypea a
tentoria
(,,Supléra®),
spojeni je
dosti volné

4"

“md inc3

Blanke et al. 2014



Kusadla larev jepic — lacinia mobilis (prostheca)

/prostheca \

|

¢ \ /

e d Wy y/ e

Shi & Tong 2015 Vyskytuje se u Diplura a vyjimecné i nékterych pterygotnich radu



Hypertelie mandibul
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Lucanus cervus Corydalis sp. (Megaloptera)
(Coleoptera: Lucanidae))



Maxilla

cardo (Cep)

M stipes (kmen)

palpifer

Labium

postmentum ./ lacinia
(vnitrni dasen)

A

——

pa.p,fe,\ prementu .
W _
palpus \C\
labialis ( )
1\ \

(pyskove a (vnéjsi dasen)
makadlo)

|
L.

paraglossa glossa palpus maxillaris

(Celistni makadlo)
Ilgula (Jazycek)



Coleoptera: Adephaga
(strevlici, potapnici)

- ¢clankovana galea,
apikalni cast
pfipominajici palpus -
Hexapalia
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i\{ LABIUM WITH
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labial palp

paraglossa superlingua

hypopharynx

0.5 mm

Gullan & Cranston 2014



oesophagus crop

pharynx -
:'/,.\"‘\ il I|E:-:|I I 'W
frontal W‘*ﬁ:ﬁm}mﬂy | s
anglion 4578 e e
gang (L NETA == = y LIl
mouth = \
clypeus
epipharynx / suboesophageal
: ganglion thoracic
preoral cavity ganglion

Gullan & Cranston 2014



ARCHAEOGNATHA (chvostnatky)
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Modifikace labia u larev vazek

e |abialni maska k uchvaceni
kofisti (sit-and-wait strategie)

Odonate mouthparts: the dragonfly larva
mandible

" —

&%
labium,

or "mask”

£ 1999 Encyeclopadia Britannica, Inc.

prementum

paISus labialis




anterior

pit

mandible
labial

palps
maxillary)(

palps

g ’:
POSTERIOR

maxilla

T, -
--------\‘

mandible

Grimaldi & Engel 2005



Kousaveé-lizaci ustni ustroji
(maxillo-labialni komplex, vcely)

ocelli frons

compound d) Hymenoptera - Apidae

food canal

maxilla
(galea)

labium
(glossa)

mandlble 5
salivary canal

maxillary palp —47 ’ canal %j%\
paraglossa TR S labium
: \J J

galea (palp)

// ]::%?—gl e lizani/sani nektaru: pohyb ,jazyka“

it labial palp dopredu a zpét + cibaridlni pumpa

labial palp—-/! * silna redukce maxilarnich palp
"tongue ) * funkce kusadel: zpracovani vosku a

N— pryskyfice (stavba hnizda), krmeni larev

1.0 mm :

—flabellum a kralovny, cisténi, boj, odstranovani
Gullan & Cranston 2014 mrtvol a necistot z hnizda



Trichoptera (chrostici)
ustni dstroji - lizaci (modifikované)
- haustellum (pretvorené prelabium +

hypopharynx), vychlipitelne

- zakrnélé mandibuly

- maxilarni makadla (1 — 5 ¢lanku)
- labialni makadla (3 ¢lanky)

Klemm 1966, Malicky 1973 "Holzenthal et al. 2007



¢) Lepidoptera

Lizaveé-saci ustni ustroji (haustellatni typ,

motyli)

e sosak = proboscis
e extrémneé prodlouzenad galea
e narovnani sosaku tlakem hemolymfy, sani svaly cibaria/pharyngu, stahovani svaly

food canal

compound
eye
(a)
labial palp
dorsal .0
retractor  elevator elevator m'uscle - v v
muscle  muscle of proboscis ; ©Honry Ko
| \\\\\\\/?/;% ) /J/_ =
Rt
tentorium trachea
(galea )~
base /7 _ exocuticle
|
rf / primary
f /i oblique
/ muscles

primary 1\
oblique <\
muscles

— ventral inner
e e longitudinal galea galea
(b) septum wall nerve



Bodavé-saci ustni ustroji — jednoduché typy (Coleoptera,
Neuroptera)

e extraordlni traveni
* Neuroptera: redukce labra a maxilarnich palp, labialni palpy zachovany, cibaridlni pumpa

c) Lampyridae

mandible

: mandible
lacinea

lacinea
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Bodaveé-saci ustni ustroji (krevsajici ,,bazalni“ skupiny Diptera)

komati (Culicidae), muchnicky (Simuliidae), pakomarci (Ceratopogonidae), koutule (Psychodidae:
Phlebotominae), ovadi (Tabanidae) — lisi se délkou sosdku

labium tvori nebodavy obal (z(istava vné hostitele) pro bodaci komplex 5 styletd (prodlouzené
maxilly, mandibuly a hypopharynx) a potravovy kandlek vné labra, na konci je labellum se smyslovymi
organy; antikoagulacni sliny jsou vylu€ovany z kanalku v ostfe zakon¢eném hypopharyngu

food canal :

outer and inner
walls of labrum

compound \ ‘:33 __—mandible
N\ /“;7'_';"“-:—-- hypopharynx

maxilla

labium (prementum

e) Diptera - Ceratopogonidae

.....

food canal

o' -
SRR

_-_-_-_-.-.-.-.-.-_-_:_'I-'.:-|Wal‘}'cana




Diptera: Culicidae (komaroviti)

Diptera: Tabanidae (ovadoviti)



Lizaci/bodavé-saci ustni Ustroji
(Diptera: pravé mouchy)

* redukce mnoha ¢asti

e dominantni labium, labelly
modifikovany na nasavaci ,houbu®
(napf. Muscidae), uplatiuji se

kapilarni sily a 3 svaloveé pumpy — oseudotrachea
prelabralni, labralni a cibarialni in section
e krevsajici druhy (Muscidae — napr. (a)
Stomoxys calcitrans, Glossinidae —
tse-tse) maji prodlouzené labrum labrum
a labium s ozubenymi labellami hypophaw”xf\\\/ food canal

77

- ==|abium

f) Diptera - Glossinidae

labrum

~— food canal

hypopharynx

"""""""""" salivary canal

hypopharynx labiuim

(b)

------------- labium

..........

abella
with teeth



Diptera: Glossinidae: Glossina sp. (bodalka tse-tse)



Bodaveé-saci ustni ustroji

(Siphonaptera: blechy) R s —
e sosak: 1 stylet z labra (epipharynx) + ostré tera . /“}:.5
lacinie Celisti, pridrzované labialnimi palpami ocellus L:\\//
—

maxilla (a)

salivary canal

RO D s e A Rl eistiet



PARANEOPTERA:
tendence k prodluzovani
lacinii

antenna mandible

l o~ P
\ — ~ ¥
] -
|
~ - > S
4 - : .
| !
- - %

b. THYSANOPTERA
(Cephalothrips)

labial palp

" [ paraglossa

salivary pump

[l mandibles

[H 1aciniae

[] sitophore sclerite
. tentorium

B tabium

antenna

HEMIPTERA

Grimaldi & Engel 2005 d. ANOPLURA e. HEMIPTERA
Boulard & Mondon 1995 (RS (generalized)



Bodaveé-saci ustni ustroji (Thysanoptera: trasnénky)

— asymetricka stavba
— Ustni kuzel (labrum+labium)

— par maxilarnich styletl (stipites+laciniae), pfi vysunuti na konci do sebe zakloubené do trubicovitého
Utvaru k sani: 1 kanal (nemaji slinny kanal), subterminalni otvor

— neparovy stylet z levé mandibuly (prava md. zcela redukovana) —propichuje substrat

— par Celistnich a zkracenych pyskovych makadel
[l mandibles '«?E'. : S
[ taciniae L)
[ ] sitophore sciig.
B tentorium

p.max.

pment.

prment

b. THYSANOPTERA
(Cephalothrips)

Clypeofrons

Antectypeus\

Cibarium ¢
— Proto-

cerebrum

= 3 Tento-

B rium

- Corpora

. cardiaca

Salivarium

Suboesophagealganglion
Prothorakalganglion Pronotum

Mesosternum AN, ] - i Cest

et ol phagus
Mesothorakal s Fett-
ganglion ' korper

&! Mesonotum

Grimaldi & Engel 2005
Moritz 2006



Bodaveé-saci ustni ustroji (Psocodea: Anoplura — vsi)

[l mandibles
[] taciniae

[ ] sitophore scler
[ tentorium

B rabium

— 3 neparove stylety (hypopharynx, salivarium, labium)
ulozené ve ventralnim vaku uvniti hlavy

— maly vychlipitelny sosak se zoubky k pfidrzeni se na
hostiteli bEhem sani

cibarial pharynx oesophagus

proboscis
armed
ith teeth

stylets stylet sac

0.2 mm
teeth

salivary
(median) stylet

d. ANOPLURA
(Haematopinus)

Grimaldi & Engel 2005

25 pm
labial (ventral)@

food canal




Bodaveé-saci ustni ustroji
(Hemiptera)

— 2 pary stylettd (mandibuly,
lacinie maxil) ulozené v
trubicovitém prodlouzeném
labiu

— oba kanalky v laciniich
— Uplna redukce palp

Musculi
dilatatores

Oesophagqus

Nassavka
slinne zlazy
Mandibula Labium

Maxilla—————

clypeus . Lobrum

Maxillen

Marndibeln

clypeus —
Labrum

labiﬁm RE
- -/ labium
Lacinia der— b

| Magile | L |

Mandibel




Funkce bodav e-
saciho u.u.
Hemiptera

a) Hemiptera

'''''''''''''' salivary canal

...........

labium

food canal

mandible

maxilla



e nasavani mizy (xylém) z cévnich svazki
— vétsSina skupin Hemiptera:
Sternorrhyncha a Auchenorrhyncha —
mohutné svaly cibarialni a |
pharyngealni pumpy (potrava ma — 2 v
MPa) /’."’T/{” il




7 Vv I 7

* nasavani stavy z phloému—-skupiny Hemiptera:
msice, svitilky — nizka viskozita tekutiny pod
vysokym tlakem (< 1Mpa) — pasivné nasavani
bez potreby silnych svalovych kontrakci




Filtracni ustni ustroji
(vodni hmyz)

e napt. komafi (Diptera: R O B
Culicidae) — brvy (sety) na B N 4 ﬂ £
labru tvori viry prihanéjici o, Lol /
¢astecky potravy z hladiny k RN S e
ustnimu ustroji, brvy na SP;’,:;E:'” dorumatvuty IS ) e

— antenna

mandibulach a maxillach je
zachytavaji a transportuji do
ustni dutiny

maxillan
palf

mentum -~
(of labium)

thorax

e — water surface film
S

4.3 mm s-1

= 50% of surface velocity

5% of surface velocity

plume of
undigested
particles



Redukce ustniho ustroji

» dospélci jepic (Ephemeroptera), samcl
fasnikd (Strepsiptera) a ¢ervcl (Hemiptera:
Coccomorpha), nékterych Diptera a
Lepidoptera,

e souvisi kratkou délkou Zivota

* napf. Strepsiptera: ztrata lacinii a pyskovych
makadel, redukce €elistnich makadel na 1-2
¢lanky, uzkd kuzelovita kusadla), absence Hemiptera: Coccomorpha, samec

tentoria

Strepsiptera: samec




Redukce ustniho ustroji

e pomérneé Casta u larev holometabolniho hmyzu Zijicich endoparaziticky nebo v tekutych
substratech a u socidlnich druhd
* redukce hlavové schranky u Diptera: eucefalni, hemicefalni a acefalni larvy (zachovan

pouze cephalopharyngealni skelet)

Apis melifera

Jason Neuswanger
www.troutnut.com

acefalni larva: Cyclorrhapha, cephalopharyngealni skelet



