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“It is certain that there may be
extraordinary activity with an
extremely small absolute mass of
nervous matter; thus the
wonderfully diversified instincts,
mental powers, and affections of
ants are notorious, yet their
cerebral ganglia are not so large
as the quarter of a small pin’s
head. Under this point of view, the
brain of an ant is one of the most
marvelous atoms of matter in the
world, perhaps more so than the
brain of a man.”

Darwin (1871).
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FIGURE 11.2 Examples of insect
neurons. (A) Monopolar. (B) Bipolar. (C)
Multipolar.

Klowden, 2013

FIGURE 11.3 Types of neurons. (A) Sensory. (B)

Motor. (C) Neurosecretory. (D) Interneuron.

Klowden, 2013
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534 11. NERVOUS SYSTEMS

Ganglion

Neural

Peripheral lamella Perineurium

nerve

Perineurial glia

Connective nucleus

Subperineurial
glia

Cortex glia

FIGURE 11.5 (Left) The connectives of the central nervous system of the cockroach. (Right) The axons
are enclosed by the perineurium, a layer of glial cells, and overlaid by the neural lamella. From Treherne (1985).

Reprinted with permission. Klowden, 2013
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Presynaptic membrane

releases neurotransmitter Astrocyte

process

Presynaptic neuron Postsynaptic neuron

Astrocyte
process
Activated astrocyte releases Neurotransmitters bind
neuroactive molecules into to receptors on astrocyte
synapse

FIGURE 11.6 Astrocyte processes ensheath the synaptic area, taking up glutamate released from the synapse
and returning it to neurons as glutamine. Astrocyte receptors may bind other neurotransmitters and release neuro-
active molecules that modify the synaptic response. Klowden, 2013



O6LWmin N1aH CTPOEHUA HEPBHOM CUCTEMDI

mandibular ganglion
maxillary ganglion

labial ganglion

12/
\igg,

forewi
' abdominal nerves

wing nerve
connective nerve /

segmental  nerves
ganglia

leg nerves
paired nerve cords
antenna

unpaired nerve cord



TEH,CI,EHLI,VIH K C/IMAHUIO TaHI/IneB

brain -

g o
suboesophageal . "
ganglion | i
' i
. ! . fused
thoralc_:lc i . thoracic
ganglia ‘ ) and
/> ' <\ ‘ ‘\ abdominal
f + ganglia
ventral H
nerve cord 7 K
! :
segmental/ : :
nerves H §
\ ! |
¥ 8
A ;
abdominal "~ ’ i
ganglia | l
7/ ' |

(a) (b) (d) (e)

Gullan, Cranston, 2014 after Horridge, 1965



TEH,CI,EHLI,VIH K C/IMAHUIO TaHI/IneB

S TR N S R~

A b B r A4 3

Puc. 60. CxeMa cTpoeHHA HEPBHOH HEMOYKH Yy MyX
U3 pasHBIX ceMeiicTB (o Brandt. 1879):

A — cnensu (Tabamidae): 5 — 7JBBHHKH Puc. 61. M3MeHeHHS NEHTPAILHOH HEPBHOH CHCTEMEI

(Stratiomyidae): B — maposku (Cyrtidae): I” —  npu metamopdoze cosku Heliothis zea (mo Chauthani,

nBeTouHble MyXH (Syrphidae): JJ — OonpmeronoBku Callahan, 1967):
(Conopidae): E — macTtoamue myxu (Muscidae) A — rycennna: b — npeaKykoaka (KOKOHHPYIOMAACH

il 1

rycesrna). B — Kykonka Ha 10 gess mnocae
OKVKMHBaHHA. [ — ©0adouka. /] — Il — HoMepa
IPVAHBIX TraHraHes. /—§ — HoOMEpa OpIOMIHEIX
TaHIJIHEB

TblweHKo, 1986



JBO/IOLMA «MO3ra» HACEKOMbIX OT aHHE/IMA0MNO0A06HOro NpeaKa

Archicerebrum Protocerebrum

Stomodeum Deutocerebrum

Tritocerebrum

Subesophageal
ganglion

FIGURE 11.13 Possible evolution of the brain and central nervous system from an annelid-like ancestor. (A)
The primitive archicerebrum originated as a mass of ganglia that united the two nerve cords. (B) The specialization
of the protocerebrum and deutocerebrum into ocular and antennal centers. (C) The present-day insect brain, with
its protocerebral, deutocerebral, and tritocerebral lobes, and the subesophageal ganglion that arose from the con-
solidation of the next three ganglia. From Snodgrass (1935). Reprinted with permission. Klowden, 2013



Megaphragma (Hae34HUK) — O4HO M3 Me/Ib4alLLMX HACEKOMBbIX

=350 HEMPOHOB CoAep»KaT Aapa
7000 — 6e3bAgepHble

Polilov, 2011



CTpoeHue Haar/I0TOYHOT O raHr/nA («MOo3ra») HaCeKOMbIX
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Figure 20.17 Brain. The main regions of
organized neuropile (shaded). The
distribution of somata is indicated by
black dots.

Chapman, 2013
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Bmcu,epaanaﬂ HEPBHAaA CUCTEMA

Frontal ganglion

Corpora

cardiaca Hypocerebral ganglion

Esophagus —
Esophageal nerve
Midgut __

Ventricular ganglion
{

FIGURE 11.17 The visceral nervous system.

Klowden, 2013



MepBUYHbIE M BTOPUYHbIE peLenTopbl

Primary
sense cells

Secondary
sense cell

Gan;m
=

FIGURE 11.18 The differences between pri-
mary and secondary sense cells. Primary sense
cells directly receive the stimuli. Secondary sense
cells of non-neural origin are linked to primary
sense cells. From Snodgrass (1935). Reprinted with

permission.
Klowden, 2013



KyTuKyaspHaa ceHcmana — 061 miA naaH CTPOeHUA

Dendrites

Il

Mechanoreceptor

cell /’
Tormogen cell \ I

Thecogen cell

FIGURE 11.19 Basic structure of a cuticular sensillum. From Altner and Prillinger (1980)

. Reprinted with
permission.

Klowden, 2013



BuAabl KYTUKYAAPHbBIX CEHCU//

Basiconic
Placoid

Trichoid Coeloconic

Campaniform

FIGURE 11.20 Examples of external morphologies of sensilla. From Zakaruk (1985). Reprinted with permission.

Klowden, 2013



BKycoBble CeHCUA/bI
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FIGURE 11.21 A gustatory sensillum. From Ishimoto and Tanimura (2004). Reprinted with permission.
Klowden, 2013



Ob60oHATEe/IbHble CEHCUA/bI
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Klowden, 2013

FIGURE 11.23 A trichoid olfactory sensillum. From Zacharuk (1985). Reprinted with permission.



Odorant-binding proteins
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FIGURE 11.24 Model for the stimulation of a dendrite by a odorant molecule. The molecule strikes the cuticle
and diffuses across it to the pore tubule. It moves through the tubule into the sensillum lymph, where an odorant-
binding protein takes up the stimulus molecule and delivers it to the receptor on the dendritic membrane. This
causes the excitation of the dendrite. Once released into the lymph, the stimulus molecule is degraded by esterases
and the binding protein is recycled. From Steinbrecht (1997). Reprinted with permission.

Klowden, 2013



PeuenTtopsbl, 4yBCTBUTE/IbHbIE K CO,

Epidermal
cells

FIGURE 11.25 A carbon dioxide receptor. From Stange and Stowe (1999). Reprinted with permission.

Klowden, 2013



TpMXOMAHbIe MeXaHOpeLenTOpHble CEHCKU/1/1bI

hair {or seta)

dendrite of sensory neuron
cuticle

receptor
lymph cavity

epidermal cell

trichogen cell

tormogen cell

SENsory neuron
{nerve cell)

Fig. 4.1 Longitudinal section of a trichoid sensillum
showing the arrangement of the three associated cells.
(After Chapman 1991.) Gullan, Cranston, 2014



Ko/10K0/10BM1AHbIE CEHCU/I/bI
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FIGURE 11.34 A campaniform sensillum. Sheer forces within the cuticle deform the cuticular dome. The

resulting movement of the scolopale generates a receptor potential in the dendrite. From Chapman (1991). Reprinted
Klowden, 2013

with permission.



MponpuropeLenTopbl, peLenTopbl PAacTAXKEHUA
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Fig. 4.3 Longitudinal section of a scolopidium, the basic
unit of a choedotonal oegan. (After Gray 1960.)

Gullan Cranston, 2014

/[I}KOHCTOHOB OpraH

Pruc. 120. TedopMmariist THCTaTbHBIX YIaCTKOB
CKOJIOIITHeB [UKOHCTOHOBA OpraHa y MITIHHKH
CTPEKO3bI IPH JABIDKEHISIX JKTYTHKA AHTEHHBI
(mo B. I1. iBanoBYy, 1978):
l — XTYTHK aHTeHHBI, 2 — KyTHKy/IpHad
o0omouka, 3 — HOXKKA aHTEHHB, 4 —
COWIEHOBHAS MeMOpaHa, J — CEHCOpHbIe
HefipOHEI TblweHko, 1986

PeuenTtop pacTta>keHuA L
5

Puc. 121. Cxema penentopa pacTsKeHHA ¥ KYKOIIKH Iy0OBOIO IIEIKONPAIA
Antheraea pernyi (no Finlayson. Lowenstein. 1958):
1] — aKCOH. 2 — BHIOH3MEHEHHOE MBIIIEYHOE BOIOKHO. 3 — MeKCETMEHTHad
MeMOpaHa. 4 — MYyJIbTHHOAPHBIH CEHCOPHBIH HEHpPOH. 5 — HepB. 6 —
HepBHbIe OKOHIAHHA MOTOHeHpOHA. 7 — fdpa TbiWeHKO, 19 86
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[eHepaumA 3ByKOB — A/IMHHOYCblE NPAMOKPbI/Ible

Ky3Heuunk nesumnm

(Tettigonia cantans)




[eHepaLumA 3ByKOB — KOPOTKOYCble NPAMOKPbI/Ible




MoAKO/IeHHbIE OpraHbl - BUGpopeL.enTopbl
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FIGURE 11.37 A subgenual organ within the tibia of an insect leg. One end is attached to the cuticle, with the
other attached to the trachea. From Field and Matheson (1998). Reprinted with permission.

Klowden, 2013



BocnpuATHe 3BYKOB — TMMMaHa/IbHble opraHbl (GoHOopeLenTopb)
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Fig. 4.4 Tympanal organs of a katydid, Decticus (Orthoptera: Tettigoniidae): (a) transverse section through the fore legs and
prothorax to show the acoustic spiracles and tracheae; (b) transverse section through the base of the fore tibia; (c) longitudinal
breakaway view of the fore tibia. (After Schwabe 1906, in Michelsen & Larsen 1985.)

Gullan, Cranston, 2014



Melanophila acuminata

MHPpakpacHble peuenTopbl
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FIGURE 11.44 A receptor (C) from a bupres-
tid beetle that is located in a cuticular pit (A,B) that
responds to infrared emanations from forest fires.
From Vondran et al. (1995). Reprinted with permission.

Klowden, 2013



