Bi6760 Zaklady entomologie
2. Hlava

Andrea Tothova, Igor Malenovsky
A31-111, tothova@sci.muni.cz



POSTOCCIPUT

Zobecnéné schéma hlavy ocapyy  22ddzahlavi
(generalizované cranium) zahlavi -
cervicalia
Epicranium
VERTEX
temeno
oo S
» S e
‘«*.:':::"*"ﬁ e’
x PARIETALIA
N
= FRONS &elo
GENAE
tvare
— CLYPEUS
= celni stitek
- pleurostoma
(subgena)
hypostoma

CERVIX
krk



head

prothorax

st neck membrane

folded

head

uuuuu
llllll
lllll
-----
lllll
-----
lllll

|||||
lllll

prothcrax

i neck memprane
R extemje/

cervix



Hlavové svy (suturae, sulci) a sutura postoccipitalis

(= jediny pUvodni intersegmentalni Sev)
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DICTYOPTERA (kudlanky, svabi, termiti)
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Micrograph Picture

Blattodea: Periplaneta america (Svdb americky)



Protazeni hlavy

Coleoptera:
Curculionidae
(nosatcoviti)

Hemiptera: Heteroptera:
Hydrometridae (vodomérkoviti)

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 (Celnatkoviti)

Coleoptera: Scarabaeidae: Dynastinae Coleoptera: Scarabaeidae:
(nosorozici) Scarabaeinae (vrubouni)



Orientace hlavy
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Diptera: Nycteribiidae (muchuloviti):
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epignatie — U. U. stoceno nahoru (reverze o 180°)




Sklerotizace ventralni (spodni) casti hlavy

a) generalized condition b) hypostomal bridge

bez ventralni sklerotizace

(pantotremni hlava) oSt Diptera
tocciput ’
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Hymenoptera:
Vespidae

gula

postgenal .
bridge = entum
labium A
maxilla—

mandible

Chapman 2013



sutura ocularis

Generalizované cranium
Od¢i a tykadla

oculi compositi




* holopticka hlava e dichopticka hlava

o 1

B Diptera:
Diptera: Pipunculidae Diptera: Bibionidae (samec) Bibionidae (samice)



Bibionidae — holopticka hlava u samce vs dichopticka u samice

Female Eye

Male Ventral Eye
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Diptera: Ulidiidae: Plagiocephalus

inner vertical outer vertical
bristle bristle
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De la Motte & Burkhardt 1983



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

Ephemeroptera (jepice)
- turbanové oci u samcll

Tatthias [lenket



Redukce slozenych odi Redukce
Y jednoduchych ocek

e parazité a jeskynné druhy
(troglobionti)

e casto u larev
samci trasneének a cervcu

apterni msice
vodni plostice

vétsina brouku (jedno ocko —
medialni - u kozojedu -

Coleoptera: Leiodidae: Leptodirus

Coleoptera: Dermestidae: Anthrenus



sutura ocularis

Generalizované cranium
Oc¢i a tykadla

oculi compositi




Antennal
r‘rﬂchaﬁosenaory
centre

e ztrata svaloviny od 2. ¢lanku
tykadel u Ectognatha

e pritomnost chordotonalniho
(Johnstonova) organu ve 2.
tykadlovém c¢lanku u Ectognatha

pedicellus (2. ¢lanek) Johnstondv organ

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

scapus
(1. ¢lanek)

svaly

Tykadla
(antennae)

ECTOGNATHA

heteronomni segmentace ENTOGNATHA

homonomni segmentace



Tykadla (antennae)

zde umistén

Ectognatha Johnston(v
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flexor levator
muscles muscle
depressor
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intrinsic muscles

of flagellar
segments
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levator
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Gullan & Cranston 2014

Tvary tykadel

nitkovita (filiformni) rdzencovitd (moniliformni)  palickovita (klavatni)
pedicel club
TN e, G
s flagellum — ' (c)
(a) (b)

pilovita (seratni) hfebenovita (pektinatni)

(e) (f)

véjirovita (flabelatni)

funicle pedicel

scape

arista

(g) (h)

lomena (genikulatni) péfitd (plumdzni) aristatni

flagellomere 1



e Ephemeroptera, Odonata:
kratka tykadla se
stetinovitym bicikem,
pedicel delsi nez scapus
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Gomphidae

scapa  pedicel
!

Grimaldi & Engel 2005 EPHEMEROFPTERA: Heptageniidae




Grimaldi & Engel 2005
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Hemiptera:
Auchenorrhyncha (krisi)

Fulgoromorpha

fl

flagellum

sensilla
placodea

pedicellus
scapus

Cicadomorpha

Ossiannilsson 1978



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

Hydrophilus piceus

Platypsyllus castoris

B

Coleoptera: Gyrinidae
(virnici): tykadla
uzpusobena k vnimani
vinéni vodni hladiny
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Collembola: Sminthuridae: Sminthurides (podrepka): samec pouzivd modifikovana tykadla
k uchopeni samice pfi pareni




USTNI USTROJI
Enthognathni Ectognathni
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Trida ENTOGNATHA (skrytocelistni)

o T ¥ A

- o i tykadlo
R ] Y. | rot
! G # l ,'“ad#?r-y palp mandibuly rr]r::;illy

{'l ' ¢ pleural \

s L. c%‘?tuTar
z-dp* fold

bipartite labium

molarni deska
superlinguae

N _
‘external' mouthparts forming the buccal cone mandibula \W stipes
: ing the "internal" mouthparts \ \
™ Tetruﬁbnto_phora bielanensis / ’ N J zadni
: cardo @ tentorium
Ventro-frontalni pohled na hlavu
chvostoskoka "~
mandibula

pseudoculus

kanalek
maxillarni zlazy

& fulcrum
Eva

maxillarni palpus S / /

labidlni palpus

prothorax

= maxila
mandibula

maxilla

spodni pysk A — dorsalni pohled na hlavu chvostoskoka Folsomia candida
B — lateralni pohled na hlavu hmyzenky Acerentomon sp.
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Ustni ustroji - ECTOGNATHA (jevnocelistni)

GENAE

mandibula

labrum

| labium
palpus maxillariis -

maxilla
palpus labialis




coronal

. ¥ suture
epicranial suture
an ecdysial line}
( Y frontal
suture

FRONT VIEW OF HEAD WITH
MOUTHPARTS IN SITU

compound eye

scape

pedicel

mandible labrum

adductor tendon v

abductor
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/ MANDIBLE
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| LABIUM WITH
m\;ﬁ HYPOPHARYNX

Forficula auricularia
(Skvor obecny)
Dermaptera

paraglossa I superlingua

05 mm hypopharynx Gullan & Cranston 2014



Ustni astroji kousavé —

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

srostlé cCelisti 2. paru)




Mandibula (kusadio)

\ musculus abductor
' /1
[ \ﬁ kloubni jamka 2. kloubu
musculus } | | (acetabulum)

adductor } kloubni hlavice 1. kloubu
(condyle)

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

* silny stisk: napfr. Svab
Periplaneta americana 58

Incisivi N/cm?

(trhaky)




Kloubni spojeni omotor
mandibul \

kloubni
hrbol

adduktor

(kusadEI) | ". | ventralni

monokondyini

adduktor abduktor

ventralni
adduktor

dikondylni



Dikondylni mandibuly

vznik nového, sekundarniho
kloubu na mandibule-hlavové
schrance

synapomorfie Ectognatha, ale
modifikace u Archaeognatha,
Zygentoma a Ephemeroptera

dusledek: omezeni pohybu
mandibuly do jedné roviny (jiz
nerotuje, silnéjsi stisk)
podstatné rozsireni potravnich
moznosti (napf. pyl, listy,
predace) a mikrohabitatl (napf.
listové miny, vnitrek stonkd,
drevo 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
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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

INITIAL STATE FROMATION ant JII

p——— - Y iiisas WS Blankeet al. 2015



Kusadla larev jepic — lacinia mobilis (prostheca)

/prostheca \
/

¢ N/

/
we d . e

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



Hypertelie mandibul

© jokevandenheuvel. photography@yahoo.com

\
Lucanus cervus Corydalis sp. (Megaloptera)

(Coleoptera: Lucanidae))



Maxilla

cardo (Cep)

ﬂ\_/\—/ stipes (kmen)
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Coleoptera: Adephaga
(strevlici, potapnici)

- ¢clankovana galea,
apikalni cast
pripominajici palpus -
Hexapalia
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superlingua ==» u Apterygota, larvalnich
Ephermeroptera a Dermaptera

— paraglossa

0.5 mm vpopharynx

Gullan & Cranston 2014
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Gullan & Cranston 2014



ARCHAEOGNATHA (chvostnatky)

Thoracic terga
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Modifikace labia u larev vazek

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

mandible

Odonate mouthparts: the dragonfly larva

labrum

labium,
or “mask”

£ 1999 Encyclopadia Britannica, Inc.

prementum

palpus labialis
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pedicel

anterior
tentorial

pit

labial

gena 5 4 \ N ¢
P , e palps
We g maxlllary)(

palps

ane®
.. -
--------

molar|  JHES 'x, :
area N
: : articulations }

- A\

X \ maxilla

incisors

-
B e

mandible

Grimaldi & Engel 2005



Kousaveé-lizavé ustni ustroji

(maxillo-labialni komplex, vcely)

ocelli frons

compound
eye

clypeus
g ; antenna
.mandible labrum salivary
maxillary palp —-+ __/ canal
paraglossa i X aal
DA e A
i .'I._:I:- ! | — 00
5 .fl/ labial palp
labial palp——/’
1.0 mm "

——flabellum

Gullan & Cranston 2014

d) Hymenoptera - Apidae

food canal

maxilla
(galea)

labium
(glossa)

salivary canal

labium
(palp)

* lizdni/sani nektaru: pohyb ,jazyka“
dopredu a zpét + cibaridlni pumpa

* silna redukce maxilarnich palp

e funkce kusadel: zpracovani vosku a
pryskyrice (stavba hnizda), krmeni larev
a kralovny, cisténi, boj, odstranovani
mrtvol a necistot z hnizda



Trichoptera (chrostici)
ustni ustroji —lizavé-saveée (modifikované)
- haustellum (pretvorené prelabium +
hypopharynx), vychlipitelné
- zakrnélé mandibuly
- maxilarni makadla (1 — 5 ¢lanku)
- labialni makadla (3 Clanky)

Klemm 1966, Malicky 1973 Holzenthal et al. 2007



c) Lepidoptera

Lizavé-savé ustni ustroji (haustellatni
typ, motyli)

food canal

* sosak = proboscis
e extrémné prodlouzena galea
* narovnani sosaku tlakem hemolymfy, sani svaly cibaria/pharyngu, stahovani svaly

compound
eye
(a)
labial palp
dorsal
retractor elevator elevator muscle
muscle  muscle of proboscis
tentorium

primary
oblique
muscles

f
primary
oblique <\
muscles

ventral

longitudinal galea galea
septum wall nerve

(b)



Bodaveé-savé ustni ustroji — jednoduché typy (Coleoptera,
Neuroptera)

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

‘o \ WAl o

¢) Lampyridae

mandible

; mandible
lacinea

lacinea



Bodavé-savé ustni Ustroji (krevsajici ,,bazalni” skupiny Diptera)
* komafi (Culicidae), muchnicky (Simuliidae), pakomarci (Ceratopogonidae), koutule (Psychodidae:
Phlebotominae), ovadi (Tabanidae) — lisi se délkou sosdku
* labium tvofi nebodavy obal (z(stdvd vné hostitele) pro bodaci komplex 5 stylet( (prodlouzené
maxilly, mandibuly a hypopharynx) a potravovy kanalek vné labra, na konci je labellum se smyslovymi
organy; antikoagulacni sliny jsou vylucovany z kanalku v ostfe zakonceném hypopharyngu

Clontcane D75

outer and inner

_ f] walls of labrum
|

%%,mandible

h"‘i‘?}* hypopharynx

compound
eye

clypeus

maxilla

labium (prementum

e) Diptera - Ceratopogonidae

——antenna

labium
(prementum)

food canal

..... hypopharynx
1'3'??:3:3:-:-:-:-:-:-:-'-:-

..........




Diptera: Culicidae (komaroviti)

Diptera: Tabanidae (ovadoviti)



Lizavé/bodavé-savé ustni ustroji

(Diptera: pravé mouchy)

redukce mnoha casti

dominantni labium, labelly
modifikovany na nasavaci ,houbu”
(napr. Muscidae), uplatnuji se
kapilarni sily a 3 svalové pumpy —
prelabralni, labralni a cibarialni
krevsajici druhy (Muscidae — napr.
Stomoxys calcitrans, Glossinidae —
tse-tse) maji prodlouzené labrum
a labium s ozubenymi labellami

f) Diptera - Glossinidae

labrum

food canal

hypopharynx

................ salivary canal

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

pseudotrachea
In section
(a)
labrum
hypopharynx | food canal
| v_labium

labrum-— N
o T =
T “‘“‘l

abella hypopharynx ;
with teeth YPOPRary labium

(b)



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



Bodavé-savé ustni ustroji
(Siphonaptera: blechy) antenna head pronotum

* sosak: 1 stylet z labra (epipharynx) + ostré toral
atera
lacinie Celisti, pridrzované labialnimi palpami ocellus

maxilla

0.2 mm

maxillary
palps

salivary canal
R R T s sl s e Rl ieseris



PARANEOPTERA:
tendence k prodluzovani
lacinii

mandible

labial palp (T ) b. T?gesp%N’g;TEl}A
) alothrips,

paraglossa

laciniae
[] sitophore sclerite

[l tentorium

B tabium

base of
antenna

food salivary
canal canal

HEMIPTERA

Grimaldi & Engel 2005 4. aNoPLURA 2 e
Boulard & Mondon 1995 (R (generalized)




Bodavé-savé ustni Ustroji (Thysanoptera: trasnénky)

— asymetricka stavba
— ustni kuzel (labrum-+labium)

— par maxilarnich stylett (stipites+laciniae), pfi vysunuti na konci do sebe zakloubené do trubicovitého
utvaru k sani: 1 kanal (nemaji slinny kanal, Zlazy usti do oesophagu), subterminalni otvor

— neparovy stylet z levé mandibuly (prava md. zcela redukovana) —propichuje substrat
— par Celistnich a zkracenych pyskovych makadel

e

[ mandibles

Anteclypeus.
Cibarium (1 °
= Proto-
cerebrum

Praementum
Salivarium
Suboesophagealganglion

p.max.

Prothorakalganglion——s F Pronotum

8] Oeso-
Lt S phagus
Mesothorakal - Fett-

ganglion T p 9 kéirper

Mesosternum

Mesonotum

pment.

prment

b. THYSANOPTERA Tomae. NG Grimaldi & Engel 2005
(Cephalothrips) N Moritz 2006



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

— 3 neparové stylety (hypopharynx, salivarium, labium)
ulozené ve ventralnim vaku uvnitf hlavy

maly vychlipitelny sosak se zoubky k pfidrzeni se na
hostiteli béhem sani

cibarial pharynx oesophagus

proboscis
armed
ith teeth

stylets muscles stylet sac

0.2 mm

d. ANOPLURA
(Haematopinus)

Grimaldi & Engel 2005

food canal labial (ventral) stylet
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Bodavé-savé ustni ustroj
(Hemiptera)

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

— oba kanalky v laciniich
— uplna redukce palp

Musculi
dilatatores

Nassavsa
slinne zlazy

[abium

Mandibula

Maxilla————

clypeus . Lobrum

Maxillen
Mardibeln

clypeus —
Labrum

lobiﬁm SO ,- =
/ lobium
Lacinio der—_ o
1. Maxille

Mandibel




Funkce bodave-
savého u.u.
Hemiptera

food canal

..............

------------ salivary canal

...........

labium




* nasavani mizy (xylém) z cévnich svazk
— vetsSina skupin Hemiptera:
Sternorrhyncha a Auchenorrhyncha —
mohutné svaly cibarialni a |
pharyngealni pumpy (potrava ma — 2 . v
MPa) //./r_,"'/'i“ R
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* 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)

* napt. komafi (Diptera: SN
Culicidae) — brvy (sety) na SN Lid /S
labru tvori viry prihanegjici —__— i A
castecky potravy z hladiny k e T E e
ustnimu ustroji, brvy na TERE dormmatiedy W kﬁ

L
T maxillan
palg

mandibulach a maxillach je
zachytavaji a transportuji do
ustni dutiny

mentum

thorax

N

(b)

== water surface film
il
4.3 mm s-1

. 50% of surface velocity
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Redukce ustniho ustroji

* dospélci jepic (Ephemeroptera), samcl
rasnik( (Strepsiptera) a ¢ervcd (Hemiptera:
Coccomorpha), nékterych Diptera a
Lepidoptera,

e souvisi kratkou délkou Zivota

* napf. Strepsiptera: ztrata lacinii a pyskovych
makadel, redukce Celistnich makadel na 1-2
¢lanky, uzka kuZelovita kusadla), absence Hemiptera: Coccomorpha, samec

tentoria

Strepsiptera: samec




Redukce ustniho ustroji

* pomérné Casta u larev holometabolniho hmyzu Zijicich endoparaziticky nebo v tekutych
substratech a u socidlnich druht

* redukce hlavové schranky u Diptera: eucefalni, hemicefalni a acefalni larvy (zachovan
pouze cephalopharyngealni skelet)

Apis melifera

Jason Neuswanger
www.froutnut.com

acefalni larva: Cyclorrhapha, cephalopharyngealni skelet



