


Mechanorecepce

Mechanoreceptory reaguji na pusobeni sily. To umoznuje reagovat na celou fadu modalit —
smyslovych kvalit — hmat, propriorecepce, statokinetické vnimani, sluch, vibrace podkladu,
odvozené¢ snad i elektro a magnetorecepce. Stavbou se lisi od nejjednodussich holych
nervovych zakonceni (receptory tlaku) pfes vlaskové sensily nebo hmatova teliska po vysoce
organizované struktury jako jsou tykadla. Obecn¢ jsou mechanorecepcni buriky vybaveny
vétsinou brvou (cilium) nebo brvami s cytoskeletalni vyztuzi. Ta muaze spolupracovat s

externi strukturou pfevadéjici silu na membranu.
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Mechanorece PCE - obrvené neuroepitelidlni rheoreceptory plosténca

- obrvené bunky ve statocysté¢ mékkysa, clenovet

fa) Statocyst of a scallop (Pecten)  (b) Statocyst of a crab
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Mechanorecepce hmyzu

hmatova brva

zvoneckova sensila

chordotonilni

TIi typy
mechanoreceptoril.

Himatovd brva je
kloubem spojena
s povrchem
kutikuly a jejf
pohyb citlivé
vhiméa smyslové
buiika (s. b.].
Zvonelkova sensila
se napétim
kutikuly
deformuje, a to je
rovnéZ vniméno
smyslovou buiikou.
Soudl4sti
chordotonédlniho
vldkénka je opét
smyslova buitka
citlivé reagujict
na napétt.



Mechanorecepce hmyzu

A) Sensila — smyslova bunka
Dendrit s tubularnim téliskem napojeny
na kutikulu. Pohyblivé rameno.

B) Campaniformni sensila
Deformace a pnuti kutikuly

C) Chordotonalni vlakno (scolopidium)
Vnitini ¢itl napéti a pohybt mezi
dvéma kutikularnimi sténami
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Anatomy of insect mechanoreceptive organs Schematic drawings of major
morphological classes of touch sensilla. (A) Hair plate (bristle) sensillum. (B) Mag-
nified view of hair plate sensillum. (C) Campaniform sensillum. (D) Scolopidial
organ. The thecogen cell is a type of supporting cell. (After Thurm, 1964: Bullock

and Horridge, 1965; Keil, 1997.)



Mechanorecepce hmyzu
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Drosophila — model pro molekularni podstatu mechanorecepce

rigure $ Lrosopniia priste-recepior moael. .
a, Lateral view of ). melanogaster showing e R = Endolymph

the hundreds of bristles that cover the fly's An Ly . Cuticle
cuticle. The expanded view of a single { R
bristle indicates the locations of the
stereotypical set of cells and structures
associated with each mechanosensory organ.
Movement of the bristle towards the cuticle of
the fly (arrow) displaces the dendrite and
elicits an excitatory response in the
mechanosensory neuron. b, Transmission

Neuron

; ; c Extracellular anchor (NompA)
electron micrograph of an insect mechanosensory
bristle showing the insertion of the dendrite at the base of = S N - - o
the bristle. The bristle contacts the dendrite (arrowhead) i e I 3=
. . =|_R_I_FI:J=LH.H- LIl ==
so that movement of the shaft of the bristle will be S g{_ Extracellular link

Fal

detected by the neuron. ¢, Proposed molecular model of
transduction for ciliated insect mechanoreceptors, with
the locations of NompC and NompA indicated.
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Mechanorecepce je vyuzita i u propriorecepce

Kterykoliv z mechanoreceptori mize byt podrazdén mechanickym podnétem z vnéjsiho
prostfedi. Mohou véak na né pasobit i podnéty z vnittku téla. Stétinky nebo chloupky na
nékterych mistech téla, ktera jsou jimi porostla, mohou na zakladé mechanického
podrazdéni, vznikajictho pfi ohybani téchto ¢asti téla (napf. hrudnich segmentd, koncetin
apod.) podavat zpravu o stupni ohnuti téchto c¢asti. Nazyvaji se ,,polohové chlupy
(Stétinky). Plosky porostlé chlupy tohoto typu mezi hlavou a hrudi a mezi hrudi a
zadeckem jsou napf. u vcely hlavnimi smyslovymi organy zemské tize.

Chordotonalni organy mohou podavat informace o tlaku vznikajicim pfi praci svalt v
kterékoli ¢asti téla. Velmi dudlezité jsou pfedevsim campaniformni sensily ulozené v
integumentu, které reaguji na tlaky vznikajici v pokozce. VSechny pravdépodobné
spolupracuji pfi zjist’ovani rozdéleni tlakt v koncetinach zpusobenych tizi, ¢imz slouzi 1
jako smyslové organy rovnovahy a umoznuji hmyzu orientovat své pohyby proti sméru
tize (negativni geotaxe).



Mechanorecepce je vyuzita i u propriorecepce

Figure 6.3

(a) The figure shows the brushwork of sensilla at

the articulation of the second leg of the cockroach, Periplaneta
americana. The thick cuticle of the pleuron (pl) thins to a
delicate articular membrane and then thickens again to form the
cuticle surrounding the coxa (cx), the first segment of the leg.

The brush of sensilla forms a hairplate (hp). From Pringle, 1938
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Where do insects have ears?




Campaniform sensilla

cap of sensillum




Video haltery dvoukftidlych

Haltery jsou
zakrnélq a
pfemé&nénd zadni
kfidla much.
Funguji jako letovy
gyroskop. PobliZ
télniho kloubu jsou
poli¢ka pravidelns
v Fadach
uspoféddanych
zvoneckovych
sensil, které se
nap&tim deformujf
podobné jako
latovd miiZka.


Video/Life on Earth - e03 - Flight control in flies.mp4
Video/Life on Earth - e03 - Flight control in flies.mp4
Video/Life on Earth - e03 - Flight control in flies.mp4
Video/Life on Earth - e03 - Flight control in flies.mp4

Campaniform sensilla act as
proprioreceptors on an insect’s leg
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Chordotonalni sensily tvori:

e A)subgenualni organ
e B) Johnstonuv organ
e C) tympanalni organ

chordotonilni
vldkénko

Tii typy
mechanoreceptori.

Himatov4d brva je
kloubem spojena
s povrchem
kutikuly a jejf
pohyb citlivé
vhim4 smyslové
burika (s. b.].
Zvoneckovs sensila
se napétim
kutikuly
deformuje, a to }je
rovnéZ vniméno
smyslovou buiikou.
Soudlé4sti
chordotonédlniho
vldkénka je opét
smyslovd buiilka
citlivé reagujict
na napétf.



Casto se setkdvame se zvlastni skupinou chordotonalnich orgéni v tibii (holeni) nohy
blizko kolene, kde tvofi subgenualni organ (obecné kromé Dipter a Coleopter),
ktery je kromé proprioreceptivni funkce citlivy na zachveévy podkladu na némz hmyz
stoji. Jedna strana vlakénka je upnuta na exoskelet. Jsou citlivé na vibrace uz od 10~
cm.
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2) Johnstonuv organ.

Vzdycky se vyskytuje skupina chordotonalnich organt na pedicellu (2. antenalnim clanku) tykadel a
vytvafi Johnstontv organ, ktery slouzi jednak ke zjist’ovani pasivnich pohybt tykadla vyvolanych
proudénim vzduchu a zvuky, jednak ke zjist’ovani polohy tykadla vyvolané aktivni ¢innosti svald,
které tykadly pohybui

tykadlo za letu Musi tykadlo

\ sméfuje za letu
kupfedu a funguje
jako rychlomaér.
Jeho ohyb
zplisobeny
proudem vzduchu
vnimaji smyslové
butiky Johnstonova
orgianu

v zdkladnim
¢l&nku tykadla.

Johnstontv orgén

tykadlo v klidu



Johnston’s organ - the antennal chordotonal organ:
an auditory receptor

mosquito
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3) Tympanalni organ — s bubinkem
CvrCek — holen (koleno)
SarancCe, motyl - zadecCek
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FIGURE 7-22 (A} A scolopidium of the locust auditory organ i:f 50—
shows the complex structure of the sensory cells. their dendrite, o ‘
ind accessory scolopale and cap cells. (B) The tympanal organ of & 40
X i & =
i bush cricket consists of a trachea and a complex group of sen- & [
sory organs: the tympanal organ, the subgenual organ, and the in- 3 a0k
lermediate organ. The crista acoustica of the tympanal organ con- :
lains numerous scolopidia. (C) The scolopidial receptors of the
- . - . ~ . ) —
erista acoustica of the bush cricket respond preferentially to spe- 20 |
tific frequencies. (D) There is a tonotopic organization of the sen- | | | Ll
sory receptive areas for audition in the nervous system (anterior 10 < 10 150 : 4'0
fing tract) of the bush cricket, (Modified from Olidfield 1985; Lakes ’ I i / /
und Schikorski 1990; Romer 1985.) 9
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Nejlépe vyvinuté sluchové organy, s jakymi se setkavame u kobylek a cvrckt (holen),
sarancat (1. zadeckovy clanek), motylt (metathorax) a pod., jsou organy tympanalni, v
nichz cela skupina zvlasté pfizptisobenych skolopidii (tzv. crista acustica) je drazdéna
chvénim membranovitého bubinku. Bubinek (tympanum) je upnut v chitinovém
ramecku a opira se o méchyrkovité rozsifenou tracheu.

Celkove jsou tyto sluchové organy citlivé ve velmi Sirokém rozsahu frekvenci, pfedevsim
vsak v oblasti frekvenci vyssich, nez je sluchové optimum lidského ucha. Napt. u cvrcka
je maximalni citlivost ucha kolem 8000 Hz, u kobylky az pfes 10kHz. Maji
pozoruhodnou schopnost rozeznat zvuky vyluzované jedinci jejich vlastniho druhu.
Frekvence akénich potenciald ze sluchového ustroji nezavisi na frekvenci zvuku a zda se,
ze hmyz nerozliSuje zvuky na zakladé vysky tonu, jak tomu je u clovéka, ale podle
frekvence modulace zvuku, tedy spise podle jeho rytmu. Hmyz dovede rozliSovat téz
odkud zvuk pfichazi a rozdily v intenzité zvukovych podnéta.

Tympanalni organy hmyzu se vyznacuji velmi malou ¢asovou konstantou, takze jsou
schopné od sebe odlisit dva zvuky jdouci po sobé v intervalech 0.01s, zatimco lidskému
uchu splyvaji 1 zvuky o délce 0.1s. Sluchové ustroji hmyzu je tudiZz dobfe pfizptisobeno
rozliSovat riznou rytmickou modulact zakladni zvukové frekvence, ktera maze byt velmi
druhové specificka. Noc¢ni motyli dovedou zachytit a rozlisit rychlé pulzy o ultrazvukové
frekvenct vysilané lovicimi netopyry.



Zvukova komunikace
Dulezity je rytmus

Volan{ — pfitahovani samicek
Svatebni — namluvy a paren{
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5.2 Elements of a cricket song

Each syllable is a sound pulse; the interval between pulses determines the pulse
rate. A chirp is composed of many pulses (syllables). Chirps can occur in a variety
of temporal patterns. After Huber, Moore, and Loher 1989.
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5.7 The female zigzags toward the male’s song

A female’s reaction to a male’s song can be accurately measured in the laboratory.
(A) The female cricket is placed on a lightweight ball so that she can walk (in place
and track the source of a song (played through a roving loudspeaker). (B) The
female rapidly shifts direction when the sound source is moved from one side to
the other (the transition between L1 and L2). Notice that she typically walks in a
zigzag pattern. After Huber, Moore, and Loher 1989. ’ ’

Ve sluchové draze cvrcka jsou rytmus
rozeznavajici buniky stejné jako pozict zdroje.

Samicka si vybira zdroj zvuku s urcitym
rytmem pulzi (asi 30/s).
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5.9 The female’s tracking behavior

Females have a clear preference for a specific repetition rate. The grapl} depicts the
tracking behavior of the female to artificial songs of different composition (shown
at the top). The female shows the most tracking behavior when the syllable rate is
about 30 per second. Note the band-pass pattern; tracking falls off sharply in
response to either lower or higher repetition rates. After Huber and Thorson 1985.



Namluvy motylu s
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Wing fanning

Ultrasound production

Copulation attempt

Copulation




Namluvy octomilek zaméstnaji kromeé sluchu i ostatni
smysly.
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spider mechanosensory receptors

lyriform organ



Slit sensilla in spiders: positional and
vibrational sensors




Female spiders must distinguish many different vibrational signals
to respond appropriately
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Scorpion prey detection using waves in sand

Vibrational wave transmission In sanc

Source V(m/s) Freq (Hz) A (cm) G(r) aq {0vem)
U SIS R_r_- Surface waves (>70%)
N e Rayleigh () 4550 300400 ~1015om - l/r 020040
Love (L) < 40> - Ur 3

Body waves (<30%)
Compressional (P) 140150 < 2000 - 7-15on - U/r
Shear (S) < 120> = - 1/




Chemorecepce
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SN\ lichova Diagramatické
nosni dutina vzduch 11

bryva  zhazornéni Cichové
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struktury obou
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Chemorecepce
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Antennal morphology diversity
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Molekularni mechanismus transdukce — extracelularni strana
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Molekularni mechanismus
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Signal transduction

Odoranty se vazou na OBP, ¢imz se stanou solubilnimi. Po navazani na receptor jsou rychle
degradovany. Odorant-binding proteins (OBPs), odorant receptors (ORs), ORs are usually part of a
heteromeric complex comprising at least two subunits: a ligand-specific OR and a highly conserved
co-receptor (ORCo). Molecules specifically bind the OR, so the ORCo 1s not directly involved in
odorant recognition. Heteromeric ORCo complexes form ion channels induced by odorant binding
to the OR, which leads to signal transduction. Brito et al., Journal of Insect Physiology 95 (2016) 51-65



Molekularni mechanismus transdukce intracelularni strana —

Znama je 1 G-proteinova signalizace, ale pfinejmensim nékteré receptory jsou ligandem fizené
kanaly — ionotropni signalizace — unikatni konstrukce ¢ichového receptoru

The OR consists of a seven transmembrane domain protein which is not homologous to
vertebrate GPCR receptors. Insect ORs adopt an inverse membrane topology when compared
to classical GPCRs, with the N-terminal region located intracellularly
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chufovd brva

Chutové sensily z konce
musiho sosdku jsou
dlouhé brvy s otvirkem
na konci. Teprve
mikroskopicky Fez odhali
t¥i smyslové bunky

v zdkladu brvy, jejichZ
citlivé vybéZky zasahuji
aZ ke Spicce.



Hygrorecepce

Komar rodu Culex nebo
larvy kovatikt (dratovci)
mohou rozlisit odchylku uz
1% relativni vlhkosti
vzduchu. 100 -

Action Potential Frequency (sec™1)

"Dry receptor’’

Pore-less
sensillum

Cuticle
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FIGURE 7-18 The *““cold-moist-dry’’ triad sensory sensillum of the cockroach contains
three bipolar sensory neurons; one neuron of the hygroreceptor responds to high humid-
ity (*‘moist’’ receptor) and one to low humidity (*‘dry” receptor). The receptor cavity of
the poreless sensillum is filled with a dense secretion. (Modified from Yokokhari and Tateda
1976; Schaller 1978.)



Drosophila humidity sensing

— Relative humidity %

Enjin et al., 2016, Current Biology 26, 1352—1358



~,

Thermoreceptors are often  [HENEEN

associated with hygro- |
receptors in sensilla %
embedded within the cuticle

coeloconlc sensnllumm.p.k

. peg

_,\/ o
B 2 dendrites of
|2 — hygrosensitive
—onli F’ ; neurons

7 dendrite of
‘_;’;.,/ thermosensitive
o QT % neuron

dendrite sheath

thecogen cell

trichogen cell

tormogen cell

—~ neuron
—
aomata




Some beetles can detect
forest fires
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IR recepce
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Figure 1 a, Diagram of Melanophila (body length
10 mm). The infrared pit organs, situated next to

the coxae of the middle legs, are completely

exposed during flight. b, An infrared sensillum,

redrawn from ref. 3.
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Figure 2 The responses of a neuron, recorded
from the pit organ, to various infrared stimuli.
Fach trace shows the original response to one
stimulus. Horizontal bars indicate exposure
times. Each trial was repeated three times. The
number of action potentials decreases with
decreasing stimulus duration; 2 ms was sufficient
to generate a response. If the mirror was covered,
no response was recorded at any of the infrared
intensities and shutter speeds tested.

pass infrared filter (50% cut-on at 1.8 pm)
and neutral-density filters. At a radiation
intensity of 24 mW cm ° single neurons



Warm stimuli are probably perceived by non-
specialized dendrites in the body-wall of Rhodnius
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Infrared receptors are modified hair sensors that
originally detected subtle movements.

So how do the insects convert heat into mechanical
stimuli? Schmitz explains that the receptors contain
fluid that he suspects expands as it heats up and A
presses against a motion-sensitive nerve cell deep in | i
the receptor; ‘the beetles could be described as ;
hearing heat,” says Schmitz. But for the mechanism
to work, the fluid must be contained in a pressure
vessel that does not expand when heated.

Melanophila

Muller, M., Olek, M., Giersig, M. and Schmitz, H. (2008). Micromechanical properties of
consecutive layers in specialized insect cuticle: the gula of Pachnoda marginata (Coleoptera,
Scarabaeidae) and the infrared sensilla of Melanophila acuminata (Coleoptera, Buprestidae). . Exp. Biol.
211, 2576-2583. Doi: 10.1242/jeb.022947
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Fotorecepce a zrak

Svétlo ovliviiuje fadu 1 ne senzorickych bunék a dokonce i cytoplasmu. Citlivost povrchu téla na
svétlo — dermalni citlivost byla popsana u vsech zivocisnych kmend. Umoznuje vaimat pouze diftzni
pfitomnost svétla a tim tedy stfidani noci a dne a jeho délku, pfipadné stin predatora. Je patrné
detekovano volnymi nervovymi zakoncenimi v kdzi asi prostfednictvim fotosensitivnich pigmentd
jako jsou karotenoidy.

Specializovanéjsi fotorecepcni organy prinaseji vétsi informaci také o tvaru pozorovaného predmeétu,
intenzit¢ a barve svétla. Z fotosensitivnich skvrn napf. prvoku se stavaji vchlipené vackovité
struktury mnohobunéénych vybavené pomocnymi strukturami: svétlolomnym aparatem — cockou
zaostfujicimi obraz na vrstvu fotoreceptoru — sitnici a dalsimi pigmentovymi stinicimi vrstvami.
Dalsi moznosti jsou konvexni oc€i nékterych krouzkovet, mékkyst a clenovcu. Jednotliva omatidia
— individualni fotorecepcni jednotky — usporadané radialné maji kazdé svou vlastni ¢ocku, stinici
pigment a fotorecepcni bunky



Fotorecepce

(a) Retinal plate (b) Eyecup (c) Camera eye
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(d) Compound eye

[ == —

|
|
|

|
o 5
/’/
o

{

Photoreceptors



single eye with
pit eye ' concave mirror

corneal lens eye

(taarr <}

y
efiepidies. sl

Vyvojové typy

basic compound eye reflecting superposition eye
& hrimp and lob




Komorové oko chobotnice analogické oku obratlovct. Inverzni proti everznimu.

(a) Octopus (b) Fish

The nerve cells that convey visual

signals from the retinal receptors The nerve cells leaving

to the brain leave the eye directly the retina gatherinto a

in multiple optic nerves. single optic nerve.
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In the eye of an octopus or squid, the
photoreceptors point toward the NETe Celli the feh retina;
direction of incoming light. unlike those in the octopus,
form networks that extensively
process visual information
before signals go to the brain.

In the eye of a fish, the photorecep-
tors point away from the direction of
incoming light, so the light must
pass through the retinal tissue to
stimulate the photoreceptors.




Drosophila jako uziteCny model zrakové (a i jiné) transdukce:
Mimoradné zesileni — reakce na jediny foton

Nizky Sum ve tme (spontanni termalni izomerizace)

Siroka adaptace — rozsah az 108 (arestin, Ca)

Rychla terminace odpovedi — vCela rozlisi 100Hz, Clovek 15-20Hz
NejrychlejSi znama G signalni draha — 10x nez obratlovci (10Hz u Clovéka)

A B Drosophila
SMC Rhabdomere
I 1pA Y
Rod
5 10
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Time (s)
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, . SloZené oko
sitnicové buliky 7y se sklddd
z mnoha omatidif,
oddslenych od
sebe pigmentem.
KaZdé
omatidium méa
viastni rohovku,
Eolku a sitnicovou
tydinku (rabdom)
tvofenou osmi
sitnicovymi
bufikami, jeZ
pfechdzeji v nerv.

slozené oko

Slozené oci hmyzu se skladaji z tycinkovitych utvart - omatidii, které jsou radialné usporadany. Oci
jsou v tésném spojeni s pfednim mozkem (protorecebrem) prostfednictvim optickych laloka. Kazdé
omatidium se sklada ze zevniho prihledného Sestibokého policka rohovky, pod ni leziciho
krystalického kuZele, plniciho funkci cocky. Pod kuzelem jsou podlouhlé bunky sitnice - retinuly,
obklopuyjici sitnicovou tycinku - rabdom, kterou na svém styku vytvareji. Kazda sitnicova bunka
vysila do rabdomu svazecky trubickovitych mikrovili jako hfebinek. Hlavnim svétlolomnym aparatem
omatidia je krystalicky kuzel bez schopnosti akomodace. Obraz je rozlozeny do mnoha bunck
retinuly a silné zkresleny rabdomem, takze 1 vysledny tvar je siln¢ zkreslen.
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Fig. 4.10 Longitudinal sections through the rhabdoms in simple and compound eyes: (a) a simple stemma
of a lepidopteran larva; (b) dorsal ocellus of a adult bug; (c) an ommatidium from a compound eye, with
enlargement showing a transverse section. ((a) After Snodgrass, 1935; (b) after Link, 1909; (c) after CSIRO,

1970.)
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In all types of compound eyes facets are constructed from
the same components which are organized into long and
narrow channels each with 8-10 photoreceptors.




Apozicni vs. Superpozicni oko

(@) Ommatidia (b) Apposition eye (c) Superposition eve
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1. OCI APOZICNI se vyskytuji u dennich druhé hmyzu. Ohniskové vzdélenost svétlolomné
soustavy se rovna délce omatidia a paprsky se sbihaji na rabdomu. Pigmentové bunky ulozené po
celé délce omatidia zabranuji pronikani svételnych paprskd ze sousednich omatidii. Tim je zajiSténo
pomérné ostré vidéni.

2. OCI SUPERPOZICNI jsou u noc¢nich druht hmyzu (miry, svétlusky). Ohniskova vzdalenost
svétlolomné soustavy se rovna poloviné omatidia. Rabdom je ulozen hloubéji pod krystalovym
kuzelem. Pigment je soustfedén pouze kolem svétlolomné soustavy, spodni ¢astt omatidii jsou jen
slabé opticky navzajem izolovany. Nasledkem toho je, ze paprsek pronika 1 do sousednich omatidii,
¢cimz se koncentruji paprsky az ze 30 omatidif na jeden rabdom. Dochazi tak k prekryvani -
superpozici obrazu. Tim se zvysuje jas obrazu a tedy i citlivost oka, ale klesa rozliSovaci schopnost -
ostrost vidéni. Pfi pobytu na svétle vsak muize pigment v pigmentovych butikach migrovat k bazi
ommatidif a ostrost obrazu se docasné zvysuje.



apposition




Insect eye diversity

Focal Apposition Eye Refracting Superposition Eye
(Honeybee) (Firefly)

Adult insects have many eye types (e.g. apposition,
superposition, neural superposition etc). These are all
types of compound eyes and their image resolution 1s

never higher than the number of facets.
After D.-E. Nilsson (1989), Facets of Vision




BEE BRAINS RECOGNISE
HUMAN FACES

Pocet omatidif kolisa od 1 omatidia po 10.000 u vazky.
Vidéni je zfejmeé jen mozaikové - obratlovci fotoreceptor zachyti prostorovy uhel pfiblizné 0,02°,
zatimco hmyzi hrubéji: 2-3°



Jakykoliv pohyb v zorném poli vyvola pfi mozaikovém vidéni zménu v mozaice a hmyz se
obrati thned smérem k pohybujicimu se predmétu tak, aby byly obrazem drazdény
odpovidajici body obou sitnic. Cim je vzdalenost mezi pozorovanym objektem a hmyzem
vétsi, tim blize jsou odpovidajici body stfedni ose. Na zakladé toho pak mize hmyz pfesné
zjistit vzdalenost pfedmeétd, 1 kdyz rozliSovaci schopnost je mala.

U dospélych vazek a vcel je tvarové vidéni dokonalejsi a rozeznavaji fadu predmeéta.
Podobneé lysajové (Sphingidae) se pokousi sat nektar z namalovanych kvétin nebo z modela
kvéta.

Vely 1 jiné druhy blanokfidlych najdou cestu zpét do dlu na vzdalenost vice kilometri podle
vyznacnych bodu krajiny a poznaji také vchod do vlastnfho dlu nebo hnizda na zakladé
vizualn{ paméti.

360° view at the nest

A
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Spektralni citlivost a barevné vidéni

Barevné vidéni predpoklada vice pigmentt s riznymi maximy absorpce vln. délek.

Bylo zjisténo, ze vétsina druht hmyzu ma dobfe vyvinuté barevné vidéni, zvlast¢ hmyz
navstévujici barevné kveéty. Jen nékteré nocni druhy nerozeznavaji barvy (Dixzppus morosus).
Histologické doklady svédci o tom, ze rizné rhabdomery (riznych sitnicovych bb.) jednoho
rabdomu mohou obsahovat rizné zrakové pigmenty a reaguji na rizné vlnové délky svétla,
takze jeden element sitnice pod jednou facetou by mohl rozliSovat urc¢ité pasmo barev.




Mezi riznymi druhy existuji také rozdily ve spektralni citlivosti. Nékteré druhy hmyzu témeér
nevnimaji cervenou barvu, mohou vSak vidét svétlo z ultrafialové oblasti. Celkové je vaimani u
hmyzu posunuto pravé do UV konce spekitra, coz umoznuje napt. ziskat vice informaci o kvétech a
obsahu nektaru v nich. Nékteré druhy vSak cervenou vnimaji velmi dobfe napt. (Bélasek -

Pieridae).

nm 350 400 450 500 550 600 650




Barevné vidéni
Jen pocet receptoru nestaci

Mantis shrimp — 12 riznych fotoreceptort, ale rozeznani
barev minimalni. Spise jen detekce nez diskriminace
barev.

Video
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Fig. 1. (A) Spectral sensitivities of H. trispinosa. Spectral sensitivity curves obtained from intracellular
electrophysiological recordings. The figure shows smoothed data (four neighbors on each side, second-order
polynomial), normalized to 100% (see table S1). (B) Eye of H. trispinosa. Showing the dorsal hemisphere (DH) and
ventral hemisphere (VH), divided by the midband (MB) containing the color receptors in the four top rows (CV).


Video/Satellite eyes give mantis shrimp unique vision.mp4

roliatiesiiWI The ability to detect ultraviolet light

Neznamena nutné barevné
vidéni

Insect's view (simulated
through UV film.




Vnimani roviny polarizace svétla
Jinou charakteristickou vlastnosti oka hmyzu je jeho schopnost zjistit rovinu polarizovaného svétla.
Svétlo pfichazejici z modré oblohy jevi charakteristickou polarizaci souvisejici s polohou slunce.
Vely se na zakladé toho mohou orientovat, 1 kdyz slunce neni zrovna vidét, staci jim k tomu alesponl
cast modré oblohy. I jiné druhy jsou toho schopny a to nejen slozenyma ocima ale 1 stemmaty (napf.
housenky). Pficina je v jednosmérném usporadani molekul rhodopsinu.

A polarised view ©NewScientist

Air molecules in the atmosphere scatter photons to create a circle of strongly polarised
light at 90° to the sun. This band moves with the sun throughout the day, allowing bees
to use this information to navigate, even when the sunis obscured

THE HORIZON FRO
BEE'S PERSPEC

.~

© Harald Edens - www.weatherscapes.com



Polarized light patterns in the sky
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Journal of Experimental Biology (2016) 219, 3844-3856 doi:10.1242/jeb.139899
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Fig. 1. Examples of the main functions of polarization vision in



Polarizace je dalsi kvalitou zrakové
informace.
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Figure 1. The production and detection of circularly polarised light in arthropods.

(A-C) The jewel scarabs Chrysina gloriosa (smaller beetles) and Chrysina woodi (larger beetles)
seen against juniper branches in natural unpolarised (UP) light (A), and through left-handed (B)
and right-handed (C) circularly polarising filters (L and R, respectively). (Photographs courtesy
of John C. Abbott). (D,E) The telson keel (ca. 5 mm long) of the male stomatopod Odontodac-
tylus cultrifer seen through right-handed (D) and left-handed (E) circularly polarising filters
(R and L, respectively). (Photographs courtesy of Roy Caldwell, adapted with permission
from [4].) (F) A schematic diagram of a rhabdom from a row 6 ommatidium in the midband
of the compound eye of the stomatopod Odontodactylus (left), showing the distal placement
of the R8 rhabdomere that acts as a quarter wave retarder that converts circularly polarised
light (red spirals) into linear polarised light that is detected by the underlying rhabdomeres
R1-7 (right). The handedness of the underlying R1-7 cells is determined by their microvillar
orientations in the rhabdom (green arrows). (Adapted with permission from [4].)



Oko Drosophily

6 sitnicovych bunék
7. tenci v centru
8. jesteé pod ni

Fig 2 The Drosophila compound eye

(A) Scanning electron micrograph of an adult Drosophila eye, composed of ~800 unit eyes (ommatidia).

(B) Cross section through an adult Drosophila ommatidium. The light gathering structures (rhabdomeres) of seven
photoreceptors are visible (R8 is below focal plane). The Rhabdomere diameter is larger for outer photoreceptors
(R1-R6) which are aligned as a chiral trapezoid. R7 has a smaller rhabdomere diameter and is located in the center of
the trapezoid.

(C) Schematic representation of an adult ommatidium. In the center of the ommatidium, R7 (blue) is located distally
on top of R8 (green) in the same path of light. Outer photoreceptors (grey) span the entire retina from the apical to the
basal side. Pigment cells (red) shield the ommatidium from light received by neighboring ommatidia, while cone cells
(vellow) secrete the lens.
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Figure 2. Retinal substrates for polarization vision.

Left panel: schematic longitudinal section through a fly ommatidium showing two photorecep-
tors (green) with microvillar rhabdomeres beneath the facet lens (blue). Centre panel: scanning
EM of Drosophila compound eye, with the specialized dorsal rim facets colored purple. Inset:
cross-section through an ommatidium: each R1-6 and R7 cell has its own distinct microvillar
orientation. Right panel: rhabdomeres implicated in dorsal rim and ventral eye polarotaxis;
microvillar orientation indicated by arrows. In dorsal rim ommatidia the central tiered rhabdo-
mere formed by R7 distally and R8 proximally is enlarged. Both cells are UV-sensitive and have
non-twisting, orthogonally arranged microvilli, forming an ideal ‘crossed polaroid’ dichroic an-
alyser. The microvilliin R1-6 twist (shown for R3 and R6), degrading polarization sensitivity, as
is the case for R1-6 and R7/8 over most of the eye. In the ventral eye, Wernet et al. [4] found
clusters of specialized ommatidia where R4-6 (starred), R7 (UV-sensitive) and R8 (blue/green
sensitive) rhabdomeres showed little twist. Rhabdomeres R1-3 still twist even in these omma-
tidia. R7 and R8 microvilli orientations are orthogonal to each other, but parallel to R4 and R6,
respectively.



Dorzalni jednoduché oci - dorzalni ocka dospélého hmyzu (nc¢kdy i larev, pokud maji slozené oci)
jsou neschopné zprostredkovat viaimani jakéhokoli obrazu, protoze maji jen maly pocet
svetlocivnych elementt sitnice a obraz, ktery jsou ¢ocky schopny vytvatet, dopada az daleko za
sitnici. Pfedpoklada se, Ze ocelli maji pouze funkci stimulujictho organu. Vzruchy pfichazejici z ocelli
zvysuji citlivost (vhimavost) mozku pro svételné podnéty pfijimané prostfednictvim slozenych oci.
Tak napft. zacernime-li ocelli Drosophily, dojde ke zpomaleni fototaktické reakce. Véela (délnice) se
zacernénymi ocelli zac¢ina rano vyletovat pozdéji a vecer se dffve vraci.




Zrak hraje dualezitou ulohu pfi prostorové orientact dennich druhd - mravenci

Figure 1. Human and ant perspectives. The two images are taken from the same
location close to an experimental set-up, which includes a large black object. The
upper image represents a human perspective and the lower image represents an ant’s
perspective. The ant’s perspective is achieved by taking a panoramic image with
lowered resolution to match the visual acuity of ants. The vertical black lines in the
ant’s perspective image delimit the field of view of the ‘human’ picture.

A. Wystrach, P. Graham / Animal Behaviour xxx (2012) 4 1¢8
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Chovani - limity

Kompromis mezi rychlosti pohybii, stavbou NS limitovanou malym poctem stavebnich elementt
a potfebou zpétné vazby muzZe byt hlavni charakteristikou hmyziho chovani.

Mantis:

exquisite visual
resolution;
responds to
movement as

slow as
0.25°min.

The final strike is
very fast (ca. 30
ms) and open
loop.
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The same is true
for the (smaller)
mantisflies

150 ms

10 mm Kral ot a1, 2000 Mantispa stvriaca




Pozorujeme-li hmyzi chovani, mize se nam zdat jako fada stereotypnich odpoveédi na urcité
podnéty. Ménime-li ovsem intenzitu drazdivych podnétt, zjistime pfekvapivé rozdily v
behavioralni odpovédi, svédcici o tom, ze na vyvolani urcitého chovani se vyznamné podili 1
CNS modifikujici reflexni reakci.

Odpoveédi se tedy nevyskytuji jako fixni reakce bez ohledu na ostatni okolnosti situace v niz
hmyz je, jsou vzdy modifikovany, v ptipadé Ze jiné vstupy jsou v konfliktu s planovanou
odpovédi. Pivodné rozsifeny mechanisticky pfistup popisujici chovani hmyzu jako komplex
stereotypnich reflexti spousténych urcitym tlacitkem - specifickym podnétem je opousten
dokonce 1 u téch nejjednodussich behavioralnich projeva jako je reflexni ucuknuti nohy svaba.
Existuje totiz kontinualni fada odpovédi od tzv. fixnich akcénich vzorct, které se skutecné
vyskytuji v téméf konstantni formé bez ohledu na silu podnétu (prosté po pfekroceni prahové
hodnoty) po vysoce citlivé a slozité odpoveédi jejichz velikost a 1 kvalita je zavisla na intenzité
podrazdéni.

Adultni ekloze je pfikladem prvniho typu chovani: jakmile je jednou stimulovana délkou
svételného dne nebo internimi cirkadiannimi hodinami hmyzu, je spusténo chovani vedouci
vzdy k lihnuti. Reflexni reakce pfi krmeni mouchy bzucivky je druhym extrémem, protoze
mnozstvi nasatého cukerného roztoku je zavislé na jeho koncentraci.



Chovani hmyzu je ve srovnani se savci opravdu mnohem stereotypnéjsi a ucen{ hraje mnohem mensi
ulohu. V motorickych vzorcich se ¢asto projevuje takovy automatismus, ze chovani pfipomina
chovani robota. Charakteristickym rysem vyplyvajicim ze stavby celého NS hmyzu mutze byt mala
zpétna vazba hmyz{ motoriky. Hmyz ma totiz obecné velmi malé télo a mnoho jeho motorickych
reakci probiha s neobycejnou rychlosti- 30ms vypad kudlanky na kofist apod. Zaroven vsak hmyzi
neurony nejsou myelinizovany, takze jejich rychlost vedeni je mala. Potfebna vysoka rychlost vedeni
muze byt dosazena vétsim pramérem nervu (obfimi axony), ale jejich pocet musi byt limitovan kvili
malym télesnym rozmérim. Hmyz tedy musi extrémneé Setfit poctem nervovych vlaken, coz je ast
pficina nedostatecného poctu zpétnovazebnych spoji a informaci o chovani.

Z.da se tedy, ze u mnoha druht by byla pfipadna zpétna vazba a nasledna korekce pohybu stejné
neucinna, protoze pohybovy vzorec by uz byl vykonan v okamziku, kdy by zpétné informace o jeho
prubéhu dorazila do CNS. Pohybové vzorce jsou tedy pomérné pevné a neménné geneticky fixovany
a opakuji se dosti stereotypné: Moucha si napiiklad Cisti amputovana neexistujici kfidla, aniz by pfisla
na to, ze je nema. Dale, jakmile se lthnouci se mouse osvobodi nohy z puparia, pocit volnych nohou
zpusobi, ze zanecha lihnuti a puparium s vystréenymi nozickami béha a cisti si nevylihlou
neexistujicici hlavu a kfidla jako vylihlé imago. Naopak: jestlize jiz vylihlé dosp¢lé mouse fixuji nohy,
pocit omezeného pohybu nohou vyvola pumpovaci pulzace typické pro lihnuti z puparia.

Kompromis mezi rychlosti pohybii, stavbou NS limitovanou malym poctem stavebnich
elementd a potifebou zpétné vazby miiZe byt hlavni charakteristikou hmyziho chovani.



Chovani hmyzu je do jisté miry organizovano segmentalné. Svab zbaveny hlavy, mize vice méné
koordinované chodit, dokonce ztstane-li ze svaba jen hrud’ s nohami a pfisluSnymi ganglii, mizeme
dosahnout toho, ze se toto torzo po mnoha nepfijemnych elektrosocich nauci vyhybat se elektrickym
ranam a snaz{ se udrzet nohy nad podlozkou.

Podobn¢ neuromuskularni koordinace letu, chtize, dychani, kopulace a krmeni jsou fizeny
samostatn¢ nebo soucinnosti segmentalnich ganglii. Uloha mozku spociva hlavné v integract
protichadnych reflext v zavislosti na informacich pfichazejicich ze smyslovych organt a podle
celkového fyziologického stavu a predchozi zkusenosti individua.



Z hlediska chovani existuje prostorova sumace, kdy podnéty pfichazejici zaroven z vétsitho
poctu sensortt mohou vyvolat odpovéd, zatimco stimulace jediného mista ztstala bez odezvy a
c¢asové sumace, kdy se teprve opakovanym a déletrvajicim drazdénim muazeme dosahnout
behavioralni odpovédi, zatimco kratkodobé drazdéni bylo bez tcinku.

Témto jednoduchym procesim majicim zaklad pfimo na nékolika malo synapsich lze pfisoudit
vyznam v chovani hmyzu. Slabé a nevyznamné podnéty jsou ponechany bez odezvy a jak stoupa
intenzita podnétu, latence se zkracuje a odpovéd’ na silny podnét mize nastoupit okamzité. Je-li
musi chodidlo ponofeno do roztoku 0,2M NaCl sosacek se zatahne za 100ms, je-li koncentrace
0,5M trva to uz jen 60ms. To je vysvétlitelné casovou sumaci.

Ptikladem prostorové sumace muze byt reakce mouchy na cukerny roztok. Sosacek se vysune pfi
koncentraci 0,42M je-li drazdén pouze jeden receptor na makadle, 0,06M staci pro drazdéni dvou
a 0,03M tii receptorti. Biologicky vyznam je jasny: malé castice potravy jsou pro hmyz zajimavé
jen tehdy, maji-li dostatecnou energetickou hodnotu.



Hormonalni regulace chovani

Stimulus
l Stimulus
Releaser hormone ,/'/ \
S Modifier >CNS
1 hormone l
CNS
1 Response 1 Response 2
Motor response

Hormony spoustéci — odstartuji chovani
Hormony modifikatory — zméni jeden typ chovani ve druhy



Feromony

vabeni opacneho pohlavi a spusténi sexualniho chovani - sexualni feromony
vabeni obou pohlavi dohromady - agregacni feromony
poplach - poplachové feromony
rozptyleni po okoli - disperzni feromony
tah - migracni feromony
synchronizace vyvoje (akcelerace nebo inhibice) - maturacéni feromony
inhibice ovarii - substance kralovny

ur€eni kast (u larev termittl) nebo zmény v chovani
vCelich délnic z ulovych vcel - kojiCek-3, stavitelek-4, CistiCek-1, krmiCky-2, strazkynés
na létavky-6. - modifikatory kast



Exokrinni zlazy hmyzu
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Fig. 1.6. Schematic profile drawings of the commonly found exocrine glands in wasps, bees, ants, and
termites. Glands with a pheromonal function are given capital lettering. Pheromones may be identified in

future from other glands. Figure from Billen & Morgan (1998)



Plod oznacCeny vosiCkou uz je pro dalSi samici nezajimavy.

Fig. 4.3. (Left) After an apple maggot fly (Rhagolitis pomonella) female has laid a single egg in a fruit,
she deposits host-marking pheromone before leaving. Later, conspecific females walking on the fruit
detect the pheromone and often, but not always, leave without laying eggs. Although R. pomonella is
now a pest of apples, the original host was the hawthorn Crataegus mollis, whose small berries offer
only encugh resource for one larva each, so that larvae from later eggs rarely survive (Averill &
Prokopy 1987). Photograph by R. Prokopy.

(Right) An adult female parasitoid wasp (Trichogramma pretiosum) in the process of parasitising an egg
of the brown-tail moth. After laying her egg inside, she will mark the host egg with pheromone. Figure
from Howard & Fiske (1911).



Box 5.1 | Social insect territories

Many ant species fiercely defend foraging territories (Traniello & Robson 1995). Recruitment of
major workers by alarm pheromones (Chapter 8) during territorial disputes is important in most
species, but few ant species use pheromones to mark the territory boundaries in the way that ver-
tebrates do (Holldobler & Wilson 1990). African weaver ants (Oecophylla longinoda) are an
exception as they mark their territory with colony-specific pheromones in faecal material (see
figure below) (Hélldobler & Wilson |978).When new ‘territory' was offered to nests of Ol longinoda
in the laboratory, workers rapidly moved in and defecated systematically overthe area (500 marks
were made in the first hourin anarea of 71 by (42 cm).When contests between two ant colonies
were staged on arenas marked by one or neither of the colonies, ants walking over an arena al-

ready marked with their own colony's defecations were bolder; won more contests and took over
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(Top) Chemical territorial marking by weaver ants (Oecophylla longinoda) shown by anal spots on a
paper surface in a laboratory foraging arena. Experiments have shown that the spots contain a true
territorial pheromone.

(Bottom) Two workers from different colenies in combat conducted by rearing up on their legs and
mandibles in a threat display (above), dodging each other, and seizing one another with their mandibles
(below).The ant fighting on an area marked by her own colony enjoys an ‘owner advantage’ typical in
such cases. Figures from Holldobler & Wilson (1978). Painting at bottom by Turid Halldobler.



Fig. 8.2. Drawing shows step-by-step occurrences as a predatory insect (nabid) attacks a colony of
aphids feeding on a plant stem. (Top) The nabid has seized its prey and the aphid has released the alarm
pheromone from its cornicles. (Bottom) Other aphids detect the alarm pheromone and scatter by
flying or dropping off the plant. Although the nabid continues to devour its original captive, other
aphids in the vicinity have departed. Figure from Nault (1973).

Poplachovy feromon
Plostici napadena msice varuje ostatni



(a) Source (b) Source Flow

Direction

L R

Fig. 10.11. Lobsters in turbulent environments, and estuarine crabs in smooth-flowing creeks, use
different mechanisms to orient up odour plumes (shaded) to find the source. Lobsters (a) use
tropotaxis, simultaneous bilateral comparisons of odour intensity to turn into the plume, and sequential
comparison of odour intensity, klinotaxis, to progress towards the source within the plume. Bar
diagrams show the outputs of left and right sensors at each position.The plume is supposed to be more
like the turbulent plume in Fig. 10.7.An estuarine crab (b) shows positive rheotaxis to the flow and uses
a binary comparison of odour presence—absence to determine that it has left the plume.The crab
judges its exit angle («) relative to the flow direction and uses this information to re-enter the plume at
the same angle at which it exited the plume. Figure from WWeissburg (1997).



Znalost ciziho signalu
se vyplaci

Fig. 11.7. Bolas spiders (Mastophora bisaccata is shown here) aggressively mimic the sex pheromone
blends of their moth prey.When an attracted male moth approaches within striking distance, the
spider draws back the sticky ball of glue, the bolas, which is suspended on a short thread, and swings
it at the moth. Photograph by K. F. Haynes and K.V.Yeargan.



Znalost ciziho signalu
se vyplaci

Fig. 11.10. The staphylinid beetle Atemeles pubicollis (f) is a social parasite that uses chemical signals to
gain entry into colonies of its host, the ant Myrmica. In (a) the beetle taps an ant with its antennae and
then in (b) offers the ant the tip of its abdomen. A secretion is produced from the beetle’s ‘appeasement
glands’ (ap), which the ant licks; this seems to suppress the normal aggressive response of the ant to
intruders. In (c), the ant tries to reach the tergal rim/plate of the beetle. In (d) the beetle stretches out
its bent abdomen, and in (e) the ant is prompted to pick up the beetle and carry it into the brood
chamber by a host-specific attractant secreted from the ‘adoption glands’ (ad) in the tergal rim/plate.
The secretion from the ‘fright gland’ (fr) is only used for defence against an unfriendly ant. Figure from
Holldobler 1970. Drawing by Turid Holldobler.
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There is an enormous diversity of glands and gland proucts in social insects (Fig |.6). Dif- 1 \ 1%1
ferent castes in the same species may produce different pheromones from the same gland, as i?'ley effects on release (‘:L&)’h“ero”‘one Pfe\'g;‘“m suppression 0‘ svarian elmulatian of
for example in the mandibular gland in worker and queen honeybees and ants such as Atta workers Nasonov gland queen rearing developmem foragng
(see figure earlier in box). Worker honeybee mandibular gland secretions have 10-HDA in-
stead of the queen's 9-HDA, but produced by enzyme pathways that they largely share (see i
Pettis et al. 1999). Clues to the evolution of sociality and queen—worker signalling may come if pheromone : phgrrg::(’)ne

we can deduce which pathway was primitive (Gadagkar 1997). Different responses to
pheromones depending on the caste of the receiver, combined with context-specific res-
ponses, create an enormously complex chemical signal environment inside and outside the
nest (see figure below).We are just beginning to decode these messages.

Multiple effects are common. For example in honeybees, the queen mandibular pheromone
is a sex pheromane for reproductives and affects worker reproduction. It also has many other
effects on worker behaviour, probably by affecting juvenile hormone levels. These include
influences on swarming, stimulation of foraging behaviour, and an increase in the age workers
start to move from working in the hive to foraging outside (see figure below) (Robinson &
Huang |1998;Winston & Slessor 1998; Pettis et al. 1999). Many bee pheromones are now being
exploited commercially (Chapter 12).

In honeybees, pheromones produced by the brood (eggs, larvae and pupae) help to
coordinate activity to match the needs of the whole colony. Brood pheromones stimulate

Fig. 27.14. Pheromongs of the honeybee, Apis.
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Learning and memory

A digger wasps learns landmarks sur-

rounding her nest (A) and returns (o a

wrong location after displacement of
pine cones (B). Tinbergen 1560




1. Train bees with sugar water on
colored background

What the bee sees What the bee sees
(no color vision) (color vision)



Honey bees can learn visual
cues assoclated with nectar
rewards
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9.3 Testing the bee’s ability to associate color with reward

Bees can learn to associate color with reward in a two-choice test. (A) Bees were
first trained to drink sugar water in a central location on a table (left). Then, in a
series of trials, bees were assessed for particular color preferences (right). Once the
color stimuli were balanced for innate preference, colors of different wavelengths
were paired with a sucrose reward. (B) Learning curves are shown for different
color stimuli. The bees learned fastest for violet (408418 nm) and slowest for blue-
green (494 nm). The thick line shows that bees acquired approximately 90% accu-

racy to violet in a single trial. A after Menzel and Erber 1978; B after Gould 1984;
data from Menzel, Erber, and Masuhr 1974.
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9.4 Temporal dynamics of memories
for rewarded colors
(A) One trial gives rise to a memory that
lasts several days, whereas three trials
give rise to a permanent memory. (B) The
strength of a memory differs with time.
Immediately after training, bees show a
high percentage of correct choices, fol-
lowed by a period of poorer memory (at
about 3 minutes), followed by a third
phase of greater performance. After
Menzel and Erber 1978.
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Barevny signal musi byt vcele prezentovan v ¢asovém okné 3s pred pfistanim a 2s po ném.

Jakmile na ném uz delsi dobu stoji, ignoruji ho.
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9.5 The time window of opportunity
for learning to associate a color
with reward

Bees learn about a color associated with

a sugar reward during a narrow time

window: approximately 3 s before land-

ing to 2 s after landing and feeding (the
time points measured are indicated by

arrows). After Menzel and Erber 1978.



Classical Conditioning: Honey
bee Proboscis Extension Reflex
(PER)

Conditioned stimulus (CS)
Odor

Unconditioned stimulus (US)
Sugar water

Unconditioned stimulus
Proboscis extension (PER)

Conditioned Response (CR)
PER with CS




Neuralni analyza PER podminovani — kam je lokalizovano?

950.000 neuronu, ale hledani
usnadnuje kompartmentace hmyziho
mozku

CS-cichové centrum - antennal lobe
Odsud dvé vzestupné drahy: do h.
téles (multisensoricka centra) a
lateralniho protocerebra (motoricka
oblast).

US-chut’ — ze sosacku do
podjicnového g To je spojeno s
lateralnim protorecerbrem.

Collar neuropiles

Kenyon cell

Basal ring
neuropile

Lip neuropiles

Extrinsic
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protocerebrum

Antennal

Descending
neuron

Premotor neuron

Subesophageal
ganglion

9.11 Diagrammatic view of the bee brain
After Hammer 1993.



Kazdé houbové téleso je slozeno ze 4 oblasti : vstupni oblast, kalich na vrcholu, a dvé vystupni
oblasti (alfa a beta lalok) ve stopce. Jsou tvofeny hust¢ natlacenymi Kenyonovymi bb. Jejich dendrity
arborizuji v kalichu, ktery sam je rozdélen na neuropile: ret, limec a bazalni prstenec. Kazda z nich je
specializovana na vstup urcité sensorické modality. Ret pro ¢ich, limec pro zrak, bazalni prstenec pro
mechano a chemorecepci. Kenyonovy bb jsou axony propojeny se stopkou a jejimi alfa beta laloky.
Vystupni neurony pak projikuji m.j. do lateralniho protocerebra a do h.tél. na druhé strané mozku.
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Changes 1n antennal lobes in the honey bee

A 48 - B

The glomeruli under
investigation:

-easy 1dentification

-not close together
-unique pattern of growth




- Insect brains are variable

- They mature with age

- They are modulated by experience
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FIGURE 2 | The honeybee brain and the olfactory pathway. For clarity,
different neuron types have been presented separately in the two brain
hemispheres. On the left, major excitatory pathways involved in the
transmission of olfactory information in the brain are shown. On the
right, mostly inhibitory connections and modulatory neurons are
presented. The antennal lobe, first-order olfactory neuropil, receives
input from ~80,000 olfactory receptor neurons (ORNs) which detect
odorants within placode sensilla on the antenna. Within the Al's
anatomical and functional units, the 165 glomeruli, ORNs contact ~4000
inhibitory local neurons (LNs) which carry out local computations, and
~800 projection neurons which further convey processed information via
different tracts. The lateral antenno-cerebralis tract (FAPT) projects first
to the lateral horn (LH) and then to the mushroom body (MB) calyces
{lips and basal ring), while the medial tract (m-APT) projects to the same
structures, but in the reverse order. Both tracts are uniglomerular, each
neuron taking information within a single glomerulus. They form two
parallel, mostly independent olfactory subsystems (in green and in
magental, from the periphery until higherorder centers, where they

rostral

right 4%} left

caudal

4— excitatory connexion
W— inhibitory connexion

I-APT glomeruli and neurons

m-APT glomeruli and neurons

project in non-overlapping regions. Multiglomerular projection neurons
form a medio-lateral tract (mI-APT) which conveys information directly to
the medial protocerebrum and to the LH. The dendrites of the Kenyon
cells (KCs), the mushroom bodies’ 170,000 intrinsic neurons, form the
calyces, while their axons form the pedunculus. The output regions of
the MB are the vertical and horizontal lobes, formed by two collaterals of
each KC axon. Within the MBs, feedback neurons (FN) project from the
pedunculus and lobes back to the calyces, providing inhibitory feedback
to the MB input regions. Extrinsic neurons (ENs) take information from
the pedunculus and the lobes and project to different parts of the
protocerebrum and most conspicuously to the LH. It is thought that
descending neurons from these areas are then involved in the control of
olfactory behavior. The figure also presents a single identified
octopaminergic neuron, VUM-mx1, which was shown to represent
reinforcement during appetitive conditioning. This neuron projects from
the suboesophageal ganglion (SOG), where it gets gustatory input from
sucrose receptors, to the brain and converges with the olfactory
pathway in three areas, the AL, the MB calyces, and the LH.



Z.0brazeni ¢ichové
aktivity v mozku vcely.
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FIGURE 3 | Optical imaging of odor representations in the bee

brain. Thanks to in vivo calcium imaging, odor representation can

be recorded in the bee brain. (A) Bees are placed under an

epifluorescence microscope in front of an odordelivery device delivering a
permanent airflow. (B) Their head capsule is opened revealing the brain, which
is then kept under saline solution at all times, while the antennae are
maintained in the airflow. (C) Example view of the brain surface after
bath-application of a calcium dye (method 1, below). The recording can be
restrained to the region corresponding to the antennal lobe (square). (D)
Using different staining techniques, odor representation was recorded at
different levels of olfactory processing. On the left the staining technique and
the imaged neuronal population are shown, while on the right, activity maps
evoked by two sample odorants (1-hexanol and linalool) as well as an
exemplary time course are presented. (1) Using bath-application of a
calcium-sensitive dye (Calcium-Green 2-AM), a compound signal can be
recorded in the antennal lobe in response to odors (Joerges et al., 1997). This
signal is thought to represent mostly olfactory input from the ORN population

antennal lobe

sparsening

(see text). Different odors induce different, but overlapping, multiglomerular
activity patterns. Bath application signals are temporally slow and biphasic. (2)
Using retrograde staining with a migrating dye (Fura-2 dextran), projection
neurons can be selectively stained (Sachse and Galizia, 2002). A dye-coated
electrode is inserted into the PNs axon tract (arrow number 2). The dye is
taken up by the neurons and migrates back to their dendrites in AL glomeruli.
Such staining allows the selective recording of AL output information sent to
higherorder centers. Odors also induce multiglomerular activity patterns, but
these are scarcer (less glomeruli are activated) and more contrasted than the
compound signals. The time course is mostly phasic-tonic, but also presents
some complex temporal patterns and inhibitions. (3) Inserting the dye-coated
electrode into the ventral part of the vertical lobe allowed recording activity
from Kenyon cell dendrites and somata (Szyszka et al., 2005). Olfactory
representation becomes even sparser in the MBs as few KCs respond to
each odorant. Responses are phasic and often present off-responses at
stimulus offset. (Recordings 1 and 2 from Deisig et al., 2008,

2010 - Recordings 3 from Szyszka et al., 2005).



Zej Aplysia klasicky model neasociativniho a asociativniho uceni.

Dotek na sifon...

...a zabra se stahnou

‘\& Eric Candel, Nobelova c. 2000




Orientace, navigace

Hmyz behajici po zemi zfejmé monitoruje pohyby koncCetin k odhadu jak
daleko a kam dosSel (idiosynkraticky, path integration),
zatimco létajici hmyz monitoruje ,opticky tok".

A

Fig. 2A, B Path integration (vector navigation) in Cataglyphis
fortis. A An ant’s tortuous outward (foraging) and straight
homeward path recorded in a featureless salt pan. B Straight
outward paths indicated by the doited lineand mult-leg homeward
paths caused by experimental barriers (grey bars), which the ant
could pass on its way out (from N to F) but not on its way in. Nine
successive runs of one ant. F feeding site, N nest. A from Wehner
and Wehner (1990). B from D. Andel and R. Wehner (unpublished
observations)
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Navigace vcCel spojena s komunikaci

AT WORK: ANIMAL NAVIGATION 455

(@) On a horizontal surface

> The straight-run, waggle
—| component of the dance
points to the food source.

(b) Inside the hive on a vertical surface

waggle run codes the angle between

The angle 8 between vertical and the
the sun and the food source.

The sun’s position
is encoded as
straight up.




Hodiny a rytmicita

Orientovat se podle Slunce, znamena znat pfesny cas.
Solarni kompas vyuzivali mofeplavci a vyuzivaji zivocichové
Cas uceni a cas vybavovani se u §vaba shoduji. V jinou denni dobu st ,,nevzpomene*.

South
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Drosophila Circadian rhythms

‘- Mating

7}

Olfactory
responses

-

Activity Eclosion

Aktogram pred a po zhasnuti svétla — bez
vnéjsiho zeitgeberu (Casovace) se hodiny
zacnou opozd ovat.




Molekularni hodiny a zpétnovazebna smycCka synchronizovana svetlem.

A Oscillator Physiology
Masterclock: e Immune syste
B prEiae activation
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svetelnym rezimem.
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DROSOPHILA - model

proteasome

T. Metbitz-Zahradnik, E. Wolf / FEBS Lettets 589 (2015) 1516-1529



