Svaly a pohybovy system

Pohyb — subbunécny
bunecny
organovy
organismalni — lokomoce

Lokomoce — brvy a biCiky
ameéboidni
svalova

Kostra téla

Hladka a zihana svalovina
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Svaly hmyzu

Sarkozomy

Fibrilarni (asynchronni)

Trubicovité

Disperzni
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Exoskelet hmyzu
Flexory a extenzory

Schéma exoskeletu hmyzu

a = tergum, b = intersegmentdln{ membrdna, ¢ = sternum, d = koa-
fetinovy &lének, e = hlavovd schrénka

Endoskeletnf{ dtvary hmyzu

A = endoskeletn{ lilta, B - apodem8; a = lmtikula, b = epider-
mis
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Fig. 3.2 Muscle attachments to bodv wall: (a) tonofibrillae traversing the epidermis from the muscle to the
cutllc!e; I(ll:a)lan muscije attachment in an adult beetle of Chrysobothrus femorata (Coleoptera: Buprestidae), (c) a
multicellular apodeme with a muscle attached to one of its thread-like, cuti ‘ N

) , cular 't ,
Snodgrass, 1935.) endons’ (Atter



Inervace -3 typy neuronu bezobratlych

L-glutamova — excitace
GABA - inhibice

(i) Vertebrate tonic muscle fibers (b) Arthropod muscle fibers

[nhibitory neuron

Excita tory neurons

Overlapping
motor units

Multiterminal innervation Polyneuronal, multiterminal innervation
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6:1 actin:myosin 3:1 actin:myosin

FIGURE 10.8 Cross sections of slow (left) and fast {right) muscle fibers. From Aidley (1985).
Reprinted with permission.
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Walking

Central Pattern Generation




Gaits in insect walking:

tripod gait

direction of walking
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cockroach (Periplaneta americana)
0.44-1m/s alternating tripod gait

1-1.5 m/s quadruped gait or bipedal



adult stick insects use tetrapod gait

(like “walk™, tripod gait like “trot™)



Walking: cycle of movements

stance phase:

~tarsi in contact with the ground
-backward movement of legs
-extensor motoneurons and
muscles active

-> body moves forward
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swing phase

-tarsi not in contact with ground
-forward movement of legs
-{lexor motoneurons and muscles
active




Stance

Movements of a middle leg
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Pattem i B "-F:ﬁl e
generators in |
walking

alternative hypotheses:
one central pattern generator for all legs?

one central pattern generator for each leg?



Generatory pohybu

{a) Oscillating and generating impulses

(b) Oscillating, without impul

{¢) The half
an os

To extensors

" Two neurons (or pools ) [ Three or more neurons
of neurons) synaptically are connected in a cyclic
| inhibit each other. inhibitory loop.

—C Exci
———=@& Inhibitory

Figure 18.9 Models of oscillators underlying central pattern genera-
tors (a) An oscillator neuron generating bursts of impulses (e.g., in
Aplysia). (b) A neuron with membrane-potential oscillation but without
impulses (e.g., a neuron controlling pumping of the crustacean
scaphognathite, or gill bailer). (c) A network oscillator composed of
reciprocal inhibitory half-centers. (d) A network oscillator composed of
closed-loop cyclic inhibition. All three cells may be spontaneously
active or may receive unpatterned excitatory input (dashed lines). If cell
1 is active first, its activity inhibits cell 3, but this inhibition prevents cell
3 from inhibiting cell 2. Cell 2 can now be active, inhibiting cell 1 and
thus releasing cell 3 from inhibition. Cell 3 can then be active, inhibiting
cell 2 and releasing cell 1 from inhibition, and so forth.




Coordination between legs in the stick insect

. swing phase inhibits swing (anterior)
. start of stance excites start of swing
(anterior, lateral)
. candal positions excite start of swing
(posterior, lateral)
. targeting (tarsi go to last position of
anterior tarsi, lateral)
34, increased resistance increases force
(coactivation; all directions)
Sb. increased load prolongs stance
(all directions)
6. do not siep on your own toes

“The temporal sequence of the movements of all legs can be explained by the
actions of a distributed command structure consisting of six more or less
independent walking-pattern generators and at least three different kinds of
coordinating pathways between them. “ (Bassler, Buschges 1998)
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Muscles contract before the jump.
Energy 1s stored elastically
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Most pterygote insects have 4 wings.

Wings can have different shapes.

Paleodictyoptera (extinct) Panorpa (skorpionfly) Eoxenos (Strepsiptera)

Raphidia (snakefly)

Celonites (wasp) Lathyrophthalmus (hoverfly)

Megalopropus (damselfly)

e
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Sphinx (hawk moth)




In basal insect
A ~ taxa, fore and
. hind wings are
| similar



The evolutionary trend is towards
different fore and hind wings and
towards functional
two-winged-ness ?' f




Fore wings and hind wings may
be phase-shifted

and may differ
In stroke
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{n} The motor pattern of locust wing muscle excitation

’ Hindwing\
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Flight requirements are different for
large and small insects

(after Nacftt:iga.ll 1981)

3‘. ! 1|DE_| T

108 10® 10
inertial force
Reynolds number [frintinnal fnrce]

friction limited

inertia limited




2

Small
animals
peat their

other
nsects
-: humming-

—k

o O

o o
| |

wings at
higher fre-
gquencies

wing beat frequency [Hz]

s

5 10 50 100 500
wing length [mm]

b




Some Insects can hover. Dragonilies beat fore wings
and hind wings In anti-phase.

Other insects change the angles of wings and body axis
and produce lift without thrust.

Aeschna junacea hovering flight ~ Norberg 1975
forewings shaded; wing beat frequency 17 Hz








Muscles
attach to
the wing
base and
control P
wing beat, [E§
rotation |
and torsion k¥




during the
upstroke
the wing is

rotated
ventral
side up

lomm _ Nemestrino capito
undersurface shaded; wing beat frequency 143 Hz
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Direct flight muscles directly attach to the
wing joint. They may power the wing or
control wing rotation, deformation etc.
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Odonata and Blattodea use direct mus-
cles for wing upstroke and downstroke

Elevators ——
contract

Depressors
contract




Many
Insects

generate
flight

power
using
indirect
flight
muscles




Stretch receptors and tegula receptors measure
movement and position of the wings. Their action
iIncreases the wing beat frequency.

wing hinge
stretch receptor

tegula receptors




Stretch receptors are active during the upstroke.
They inhibit elevator motor neurons and activate
depressor neurons

- levator motor neuron 113
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in insects of different
orders; Sotavalta (1947)
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The indirect flight
muscles of Diptera
and Hymenoptera
vibrate the thorax
‘box” at resonance
frequencies.

These muscles are
morphologically and
functionally
specialized (‘fibrillar
muscles’)




Flies have
prominent
indirect flight
muscles
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The wing joint
comprises a ‘click’
mechanism that
drives the wings

'steering”  Strausfeld 89



Fibrillar muscles are also called
‘asynchronous’ or ‘myogenic’
because they do not contract In

synchrony Manduca sexta

: wing beat
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Wing load, air speed, wind direction, turbulence
and other mechanical parameters are integrated
with visual information (flow-fields, landmarks,
targets)

PATTERN MOTION ECGE QRIENTATION TONIC DORSAL
LIGHT RESPONSE

lcompound eyes) fcompoind ayes) icempound eyas)

BODY-MOTION HEAD POSTURE

(halteres) i i P Ineck sense organs) | ~




Diptera (flies) have
halteres, modified nattere
hind wings that serve "
as sensory structures.
They work like

gyroscopes

and measure
accelerations. R

| ventral»




Information from

the halteres directly §

feeds to the wing
motor neuropill

Strausfeld & Seyan 1985



Compound eyes

Wing control muscles

d

Visual information |
from the brain

Motor
neuron

. \ Sensilla on wings

Sensory
neuron

Motor
neuron: Haltere control muscles

N

/

Sn%%?g;y Sensilla on halteres
IGURE 10.24 The mechanism of direct haltere control in the blowdly, Calliphora. The visual
terneurons from the compound eyes activate the haltere control muscles. Twisting movements of the
alteres activate their sensilla that feed to the wing muscle motor neurons and modulate their control.
eprinted with permission from Chan, W. P, E Prete, and M. H. Dickinson. Visual input to the effer-
nt control system of a fly’s “gyroscope.” Science 280: 289—292. Copyright 1998. American Association

r the Advancement of Science.




Visual
Input IS
required
for flight
control

after Bacon and Strausfeld, 1986



Male flies (Calliphora) have a dedicated
pathway that allows them to track
female flies

descending
- '
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