


Mechanorecepce — Rheoreceptory plosténcu
- Statocysta mékkysu

(@) Statocyst of a scallop (Peclen) (b) Statocyst of a crab

Receptor cells

Statolith Varkiodl

canal

htebenatka




Mechanorecepce hmyzu

chordotonalni Tit typy

vldkénko mechanoreceptori.
Hinatova brva je
kloubem spojena
s povrchem
kutikuly a jejf
pohyb citlivé
vniméa smyslova
burika (s. b.].
Zvonedkova sensila
se napétim
kutikuly
deformuje, a to je
rovnéZ vniméno
smyslovou builikou.
Soul4sti
chordotonédlniho
vldkénka je opé&t
smyslovd buitka
citlivé reagujict
na napéti.

hmatova brva

zvoneckova sensila
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Drosophila — model pro molekularni podstatu mechanorecepce

Igure 3 [rosopiila Dristie-receptor mode.
a, Lateral view of 0. melanogaster showing
the hundreds of bristles that cover the fly's
cuticle. The expanded view of a single
bristle indicates the locations of the
stereotypical set of cells and structures
associated with each mechanosensory argan.
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
electron micrograph of an insect mechanosensory
bristle showing the insertion of the dendrite at the base of
the bristle. The bristle contacts the dendrite (arrowhead)
so that movement of the shaft of the bristle will be
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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Chordotonalni sensily tvofi:
m A) subgenualni organ
m B) Johnstonuv organ

m C) tympanalni organ

chordotonilni
vidkénko

Tii typy
mechanoreceptori.

Hmatova brva je
kloubem spojena
s povrchem
kutikuly a jejf
pohyb citlivé
vnimi smyslové
buiika (s. b.].
Zvonefkova sensila
se napétim
kutikuly
deformuje, a to je
rovnéZ vniméno
smyslovou buiikou.
Soudasti
chordotonélniho
vldkénka je opét
smyslovd buiika
citlivé reagujict
na napétt.
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Propriorecepce

base of hair— |

tubular bod

dendrile

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




Where do insects have ears?




1) Reflex arc for startle response

The sensory neurons | Y ...exciting interneurons At the metathoracic ganglion,
synapse with giant that extend anteriorly in the interneurons synaptically
interneurons in the the ventral nerve cord. excite leg motor neurons.
terminal abdominal
ganglion...

N

Ventral nerve
cord \\

|
M
Sensory neuron

(wind receptor)-

Sound waves or air it i Leg motor  'Metathoracic
currents vibrate the = Terminal Giant SRS TIeuron ganglion
hairs. e ganglion interneuron

Muscle {effector)

Filiform hairs” [} Vibrations of the

O o hairs generate nerve -
(receptors) S LERE The motor neurons, in
impulses in sensory

neurons. Right/ turn, activate the leg

hindleg muscles,

Stimulus, nerve impulses, response
|

Stimulus (air puff)

Sensory neuron
(wind receptor)

Giant interneuron
Figure 10.3 The neural circuit mediating the startle response in
Leg motor neuron | the cockroach Periplaneta  (a) Hairlike wind receptors located on
an abdominal cercus trigger this reflex. (b) Nerve and muscle cells in
| the reflex circuit respond to a controlled puff of air lasting 50 ms.The
100 action potentials in successive neurons in the circuit lead to contrac-
Time (ms) tion (tension) in the muscle. (After Camhi 1984.)

Muscle tension




Campaniform sensilla




Haltery jsou
zakrnéli a
preménéns zadnf
kfidla much.
Funguji jako letovy
gyroskop. PobliZ
télniho kloubu jsou
poli¢ka pravideln&
v ¥Fadédch
uspofddanych
zvoneckovych
sensil, které se
napétim deformuji
podobné jako
latovd miiZka.




Campaniform sensilla act as
proprioreceptors on an insect’s leg
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Sluch

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

tykadlo v klidu

Musi tykadlo
sméifuje za letu
kupifedu a funguje
jako rychlomér.
jeho ohyb
zplisobeny
proudem vzduchu
vinimaji smyslové
buiiky Johnstonova
orgnu

v zdkladnim

¢ldnku tykadla.

Johnstonuv orgin
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Tympanalni organ
Cvréek — holen
Sarance, motyl - zadecek

, Trachea
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FIGURE 7-22 (A} A scolopidium of the locust auditory organ _E, 50
shows the complex structure of the sensory cells. their dendrite, b
ind accessory scolopale and cap cells. (B) The tympanal organ of & 40
ibush cricket consists of a trachea and a complex group of sen- E
sory organs: the tympanal organ, the subgenual organ, and the in- a 30—
lermediate organ. The crista acoustica of the tympanal organ con- )
s numerous scolopidia. (C) The scolopidial receptors of the 1
erista acoustica of the bush cricket respond preferentially to spe- 0
tific frequencies. (D) There is a tonotopic organization of the sen- l
sory receptive areas for audition in the nervous system (anterior 10 L { IJS
fing tract) of the bush cricket. (Modified from Gldfield 1985; Lakes i ////
und Schikorski 1990; Romer 1985,) 4 ]
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Zvukova komunikace
Dulezity je rytmus

Lst kiidla
8 pilnickem

=

pomaly zdznam

Osciloskopicky
zaznam odhalil,
jak vznika
nejlahodnéjsi
hmyzi zpév,
cvrkani cvréka.
Jednotlivé slabiky
se skladaji

z nékolika pulsi
¢istého toénu,
vzniklého
zadrhvanim Fady
zoubkf@l pilni¢ku
jednoho kfidla

0o lista druhého
kf¥idla.
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Slit sensilla in spiders: positional and
vibrational sensors




Female spiders must distinguish many different vibrational signals
to respond appropriately

Plants +—M ale courtship signal

d +—Prey signal

—

2 00ims

Water ll < Wind (background)

WATER SURFACE (B

rf ‘.La LI T [\ Jﬂ“L.4-JLq‘_Jr'1{~f|u;"'l,_:r'w.,ru.ﬁ-" 1|L Juﬁ'aw-" «— Prey signal (fly)

Predator signal (fish)




Scorpion prey detection using waves in sand

Vibrational wave transmission In sanc

Vimis) Freg(Hz)  Afem  G(f) @ (cbem)
Surface waves [>*T0%)
Rapeigh (R) : 300400 ~-1015om -1/ 020040
Lowe (1) < )= - L/r "

Body waves (<30%)
Compressional (M 140150 < 2000 - 7-15an - 1,-,-_-
Shear (5) < 120> " - 1/




Chemorecepce
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SSTTITITTND CEITISTININST 5\ tichovs Diagramaticke

nosni dutina - vzduch § brva Zhéazornéni Cichové
gv sensily obratlovce

a hmyzu
predstavuje
analogické
struktury obou
smyslovych organd
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Antennal morphology diversity
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Antennal
olfactory receptor
neurons terminate
in antennal lobe

glomeruli



Glomeruli
responses
rellect
odorants’
structural
properties
(chain length,
residues,
polarity etc.):
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Odor 1s discontinuously distributed in
air

odor plume




chutovd brva

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

v zdkladu brvy, jejichZ
citlivé vyb&Zky zasahuji
aZ ke §picce.




Thermoreceptors are often
associated with hygro-
receptors in sensilla
embedded within the cuticle

coeloconic sensillumeuice
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Pore-less
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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 Yokohari and Tateda
1976; Schaller 1978.)




Some beetles can detect
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Figure 2 The responses of a neuron, recorded

from the pit organ, to various infrared stimuli.
Each 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,

Sensory neuron

no response was recorded at any of the infrared

Figure 1 a, Diagram of Melanophila (body length intensities and shutter speeds tested.
10 mm). The infrared pit organs, situated next to
the coxae of the middle legs, are completely pass infrared filter (50% cut-on at 1.8 pum)

and neutral-density filters. At a radiation

exposed during flight. b, An infrared sensillum,
intensity of 24 mW ¢m ™ single neurons

redrawn from ref, 3.



Warm stimuli are probably perceived by non-
specialized dendrites in the body-wall of Rhodnius

meso/meta-
thoracic
ganglion
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“§_ jconnective
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Fotorecepce

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

e / i
Cornea’ ‘Lens
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- single eye with
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. . SloZené oko
slozené oko sitnicové buiiky hmyzu se sklad4
' z mnoha omatidif,
oddé&lenych od
sebe pigmentemn.
KaZdé
omatidium mé
viastni rohovku,
Cotku a sitnicovou
tydinku (rabdom)
gt tvofenou osmi
' : sftnicovymi
rabdom —§1§ butikami, je¥
pfechdzeji v nerv.




carnaal lans

corneaganous call crystalline cone

crystailine lens primary pigmant cell

rhabdom "-:_ carneagencus cell

retinula cell —- 2 2
: 2 - - {c)

Obr. 77

pigmant call

corneal lens

corneagengus cell

pigmant call

ratinula call

rhabdom

ratinula cell - g | _' “ _:_ __,_, sacondary pigmaent call

é_ basament mambrane

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; (¢) after CSIRO,
1970.)
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i r
crystalline cone / cornea

1 |

=

pigment cells

rhabdom

retinula cells

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.
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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
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(after Kirschfeld 1976)

Pro:

high
resolution
despite of
small space

Due to the

diffraction limit Single lens
the lens diameter eyes are

in compound problematic
eyes can not be if you are
decreased below small

a certain value.

The compound lens eye

Contra:
irregular
sampling
between
lenses




The ability to detect ultraviolet light

Insect's view (simulated
through UV film.




Polarized light patterns in the sky
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Arthropod visual neurons can be sensitive to specific
planes of polarized light

Cricket
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(Wehner 1989)
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Chovani - limity

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.

ﬁrww.rlephufu.cam
"Ecmdy Emmi+t @ 200
i
g )

The same is true
for the (smaller)
mantisflies



Hormonalni regulace chovani

Stimulus

l Stimulus

Releaser hormone

Modifier

hormone l

Response 1 Response 2

Motor response




Feromony

vabeni opacneho pohlavi a spusteni 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) - maturacni feromony
inhibice ovarii - substance kralovny

uréeni kast (u larev termitl) nebo zmény v chovani
vcelich délnic z ulovych vcCel - kojiCek-3, stavitelek-4, CistiCek-1, krmiCky-2, strazkynéb
na létavky-6. - modifikatory kast



Learning and memory

A digner wasps learms landmarks sur-
rounding her nest (A) and returns (o a
wrong localson after displacemant of
the pine cones (B). Tinbergen 1560




Honey bees can learn visual
cues associated with nectar
rewards
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1. Train bees with sugar water on
colored background
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2. Test bees with variety of shades, one color

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



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




Orientace

Hmyz behajici po zemi zfejmé monitoruje pohyby koncCetin k odhadu jak
daleko a kam doSel, zatimco létajici hmyz monitoruje ,,opticky tok".

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 dorted lineand multi-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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