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Pacn POCTRPAHEHUE HACEKOMEIX

Bo3gywHana cpena:

Ho 5000m

OTHEeCKONbKUX METPOB

HaaypoBHeM MOpA A0 HeCKONbKHX

MycTbIHW,
Ctenm,
Neca,

NewepbinT.A.

KUNOMETPOB

Peku, o3épa,Mopa

FopAavne n conAHble MICTOYHMKI,

Hacywe oo necATkoB
MeTPOB B rMyouHy




OCHOBHbIE ®PAKTOPbLI, Or'PAHUHUBAIOLLMUE
KXUSHEOEATEIIbHOCTb HACEKOMbIX

BnaxHocCcTb

—

MHconauunsa

MapasunTtbl XULWHUNKN
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HacekomMble BO3ZHUKNU, BEPOATHO, OT KAKUX-TO
MHOFOHOMMX YNeHNCTOHOMNX, KoTopble
nepewnu K HaseMHOMY 0Bpasy ¥m3HN,
MCNoNb3yaTakne NpoMexyTouHble cy6eTparThl,
kak Geperoeble BbIGpOChI pacTUTNbHbBIX
OCTaTKOB, CKONJIEHUA pacTUTENbHbIX OCTaTKOB
Ha3eMHOro NpoNCcXoXKaAeHNA, NONOCTU B
HeopraHnJeckoMm cyGeTpaTe n gpyriue cpeapl,

nckniovaowue AePULUT BRaru.
BosHUKHOBEHNE noneta, BepoATHO, CEA3AHOC
,EI,EH,EI,de:)MHMEIﬁ nnuTaHemMmreHepaTtMBHEIMIN
opraHammn pacTeHui.

PekoHcTpyKkUKna no PacHuuybiH A.T1. 1n NoHomapeHko A.T.
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Proventriculus
Midgut

E—— - —— .

_ Malpighian
Gastric  Peritrophic tuph?.lle
caecum matrix

/ Salivary

Pre-oral cavity gland

CxemMma CTPOHHIIH HH[I_IEBapHTE.J]bHOﬁ CHCTEMbBbI HACEROMBLIX
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I'IYCTbIHHbIM ?KYK L-!EPHC)TEI'I KA (Onymacns ruganpenms), MEDGDE)KEHHI:IH cne-
Ba, NOKPbIT BOCKOBbIM HANETOM; XXYK TOI0 )K€ Buaa crnpasa He UMeeT Takoro Hanera.
Bockosow HaneT npegcTaBnseT cob6on MACCUBHBIE OTNOXEHWA NUNNLO0B (BOCKOB) Ha
NOBEPXHOCTU KYTUKYNbl. 3TO NOKPbLITUE NPENATCTBYET NOTEpe BOAbI, a TakxKe obec-
ne4ymeaeT MaCKUPOBKY XXUBOTHOrO.



(y/pwo/bw) 8jes uonesodeas

Temperature °C

CI{OpOCTb ncnapeHna Boabl B 3aBUCUMMOCTK OT TeMNeparypbl
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[nA GonblMHCTBa HaceKoMbIX OpraHamMmn ablXxaHns
CRny»aT mpaxeu, OmKpPbISalWLUEC T HapyXy ¢ MOMOWb K0
Obixaney (cmuam).

OmkKpbimas mpaxelHad cucmema
(MoNUNHencTUYeCKan) munudyHa On9 MHoO2UX
HaseMHbix 6U006 Ul Ond 600HbIX HACEKOMBIX,
Obiliawux ammocchepHbiM KUCTTOPOOOM.

Hacekomsix ¢ 3aMKHymoU mpaxeillHol cucimemoll
(@nHelcmu4eckue), mpaxeu umermcs, Ho Obixanbsya
omcymicmeylom. Takad saMkHymas mpaxeliHas
cucmema xapakmepHa 0nfa 600HbIX UnNuU
3HOONapasumu4eckux HacekoMbix, Obilia Wux
Kucriopodom, pacmeopeHHbIM 6 sode Unu 6 nonocmHol
JKUOKOCU XO3AUHa.

Hekomopbeie Menkue HacekoMble, HanpumMep Apomypsi
us cemelicmea Acerentomidae U 6ce HO2O0X60CTIKU, 3a
UcKodeHuemM cemelicmsa Sminthuridae, soobuwe
nuwersl mpaxell U Obixaney. [azoobMeH y HUX
OCyWecmenIsenica MosbKo Yepes 6C1o NOsepxXHoCb
menia, m. e. Ha OCHOGe 0020 KOHHO20 ObiXaHUS.
3momcnocob ObixaHud WUPOKO pachpocpaHeH y
MOYSEHHbIX HACEKOMBIX.
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OmKpbimas mpaxellHass cucmema 3aMKHymas mpaxellHas cucmema
(nonunHencTuveckasn) (anHeUCcTUYeCKasn),

Gullan, Cranston, 2000
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B} Annedcra

Onu2onHed cmuyecKue yegkue

Pasnn4yHble BapuaHThl
pacnonoXxeHna geixaney y nUYnNHOK
ABYKpbINbIX (No Keilin, 1944).
[—Ill — 2pyOHble ceameHmebl, 1—8
— OprOWHbIE ceamerHmabl (Mo
ThiuieHko, 1986)
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trunk and an air-sac of the horned beetle as seen by Swammerdam (1737).

. A tracheal
il Sk the air sac are shown.

The variable pattern of the taenidial fold and the punctate ornamentation of

Figure 2. The components of a wrachea of
the willow caterpillar, as observed by Lyonet
(1760). From the description given by
Lyonet, AB can be interpreted as the con-
nective sheath, BC as the tracheal epi-
thelium, and CD as the intima, with the
taenidium uncoiled in DE.

Tpaxen BLIN NaeHTUPUYMPOBaHLl N onncaHbl Kak pECI'IHpaTOpHaFII cuctema
HacekoMbix Malpighi (1669),Swammerdam (1737), Reaumur (1737), Lyonet (1760)

Lyonet BnepBble onucan KYTUKYMAPHYK UHTUMY € UX TeHnauamu. OgHako
Tpaxeonbl yganoch onucark TONMbKO C UCMOMb30BaHNEM 3NEKTPOHHOTO
MWKpOCKona — knaccudeckue padotel Richards B 1951 rogy.



Kaskgoe cyHKUnoOHUpYoLWee ablxansye
BEAET B aTpnalbHYIO NoNocTb (aTpuym).
3a cUYeT CTEHOK 3TON NONOCTH
obpasyloTcA 3aMblkaTeNbHbIM annapaTtyn
cneynanbHas cucTema hunsTpaLn
BO3Ayxa. 3amMblkaTenbHble annaparthbl
MoryT 6bITb Hapy>HbIMW UK
BHYTpPeHHUMW. HapyxHbil
JambikamenbHbil annapam
npedcmaerneH OsyMA eanbeamu,
3JakpblsaoliuMu 6X00 6 mpaxer.
BHympeHHue 3aMbikamenbHbie
annapaimbl npedcimasnerbl pasnuyHbiMu
CHpyKmypamu, pacnorokeHHbIMU &
anybuHe ampuyma.

Cxema 3aMblKaTenbHbIX annaparoB Ablxaney (no Obenberger, 1952):

A — npodonsHeill u b — nonepedyHsil (Obixanbue omkKpbimo) cpessl Yepes Obixansye, obenyxusaenmoe
dsymMa meltiyamu, B — npodonbeHeill u —L — nonepedxsbie (IT— Obixanbye omkpsimo, [ — Obixansuye
3akpblimo) cpesbl Yepes dbixansue, obenyxusaenoe oOHol Mbllulel;

I — ampuarnbHasa nornocme, 2— Mbililya-3akpbisamerns Obixanbya, 3— Kymukyna, 4— Mmbiuiya-
omkpbisamenb Obixansya, 5— mpaxeu, 6 — cmpykmypsi, obpasyrowue chunsmpyrowul annapam
ObIxaneu, 7 — 3numenud (no TeiwjeHko, 1986)



HapyxHblU 3amblKamenbHbIU BHympeHHuUl 3amblKamenbHbIl
anmnapam annapam
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Y MHOTMMX XOpOLLO NeTalWmx HaceKOMbIX Ha NMPofonbHbIX TpaxenHblx cTBonax
0BpasyloTca MeCTHble pacLUMpeHUa — 8038y WHbIe MeWKU. B omnuyue om
0BbIYHbIX Mpaxell OHU AuWeHbl meHudues, No3amomMy Ux Noaocms He
MOCMOSAHHa U Moxxem cnadambcs nNpu ebixode so3dyxa. Bo3dyWHbIe Mew Kl
y4yacmeyrom 6 8eHmMunauuu Kpblinosotl MycKynamypbsl, HO 8bIMNOIHAM U
aspocmamudveckyro GoyHKULII, crnocobecmeys YMeHbUWeHU yoernbsHo20 eeca
nemarollix Hacekomsbix.



Perynauua BosgyLlwHoro notoka B TpaxenHon cucteme (Wasserthal, 1986)
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[blxaTenbHasa noBepXHOCTb Ky TUKYNAPHbIX Xabp obpasyer nracnipoH —moHKY o NIeHKy §030yXxa Ha
a2udpochobroli cemodke, cozdasaeMol MUKPOC MPYKMYpPHbIMU OCOBeHHOCMAMU Hapy>KHOU Ky MUK bl
(puc). Obbi4HO NRacmpoH chopMupyencs Ha sepmukanbHbiX cimolkax, cOeOUHeHHBIX
20pU3IOHManbHbIMUsemaoqkamu. KanunnapHsie npoMexymku Mexay cmolkamu U Uux omeemeaneHuamu
3anonHeHsl 6030yXoM. Yepes amu 030y LWHbIe npocnoliku ocywecmanaemcs duchbghysus kucnopoda,
MPOHUKaoWea0 6 ampuarnsHy nonoche Obixanbya.

CtpoeHne kyTUKyNnApHOW #abpbln nnacTpoHa y KyKOnkn komapa-gonroHoxxn Geranomyia
unicolor (no Hinton, 1968):

A — obwasg chopma kymukynapHolxabpsi; b — npodornsHbill cpesvepes sepuiuHy xabpbi; B
— MUKpOCpYKmypa nnacimpoHa (PekoHCIpyKyUua no Mukpochomoepachuam, nonyvYeHHbIM &
pacmposomM 31eKmMpPOHHOM MUKpockone), 1— ampuanbHad nonocms, 2— seMonumcha, 3 —
Kymukyna uMmaeo, 4— KykornovHas Kymukyna, 5— nnacmpoH, 6 — mpaxes, 7 — 3k3ysuarnibHas
wens (no TeiweHko, 1986)



Goldson & Satchell: Psychoda Plastron Gill

A. Diagrammatic representation of T.S. through plastron gill of Psychoda
tridens, showing overall structure (CV.CU, convoluted cuticle on ventral face;

O.AE, openings of aeropyles from spiracular atrium; S.AE, short aeroplyes not
reaching convoluted cuticle; SP.A, spiracular atrium).

B. Reconstruction of fine structure of plastron fayer of Psychoda tridens,
showing parallel aeropyles and their openings. (by Goldson & Satchell, 1977)
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HblxatenbHble OBWKEHWA CO30al0T 8eHMUAFULOHHBIT LUK,
oxeamsbisarowili 860X — UHcAUpayUro, ebixo0 — 3KcAupaylo u naysy
mex0y dsyMmsa nocrnedosamernbHbiMU ¢hazamiu edoxa U 8bi0oXa.
HanpasneHusa moKkos s8o30yxa 8 mpaxedx 60 epemsd 6eHmunayLioHHo20
yukna onpedendaromcs 3aMmbikamenbHbIMU annapamamu Obixaney. Y
GonbuwiiHCcMea NonunHelcmuYeckux HacekoMbIX cywecmsyem Yemkoe
nodpa3sdeneHue Obixaney Ha UHCAUpamopHble U 3KChAupamopHsie
OblxamernbHble omeepcmus.

I'IpM BOOXE MHCNNPATOPHbIE AblXallblUa OTKPbIBAKTCAH, @ IKCMNUPAaTOPHbIE
3aKpPblBaOTCA,; MPW BbIAOXE, H&OﬁOpOT, OTKPbIBAKOTCA 3KCMNUPaTOpPHbIE
AblXanbya, HO 3aKpblBatOTCA NMHCMNPATOPHDbIE. Bo BPEMA MNMay3bl
3aKpPbIBalOTCA BCE AblXanbLa.

[TUrMeHThl — remounaHuH 1 remormoOuH, (PO)




Tracheal sacs provide insulation

Hemolymph warmed as it
through flight muscles
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Warm hemolymph Narrow Ventral diaphragm
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Thoracic heat exchanger

Abdominal heat 'exchanger
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Primary urine Secondary urine

T Anterior hindgut
Malpighian tubule

Rectum | Anus

O6pasoBaHue NepBUYHON U BTOPUYHOW MOYEBWNHbI B 3KCKPETOPHOW CUCTEME.
YEpHble cTpenkn nornoweHne opraHN4ecKMx coeanHeHUN U Boabl.

KpacHble cTpenkn NokasbIBaloT ceKpeuulo 3NeKTPornuToB, opraHu4YecKux
coeAMHEHUN U BOobl.



Intracellular

Septate junction

concretions

Gtellate cell

Malpighian tubules of theyellow fever
mosguito Aedes asgypll. The tubule
presents two types of cells, principal
cells and stellate cells, in aratio of 5.1
(A1 Principal cells are characterized by
large intracellular concretions (sph erites)
of organo-metallo complexes of CaZ+,
M2+ and K+ and by long slender
microvilli

containing mitochondria. (B) Stellate cell
bracketed by principal cells. Stellate
cells donot contain intracellular
concretions andtheirbrush borders are
shortand devoid of mitochondria. The
basolateral membranefacingthe
hemaolymph shows exten sive
infoldings. Septate junctions definethe
lateral border with principal cells.
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Malpighian tubule

()  Midgut

To non-cryptonephric
portion of tubule
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Lumen of rectum Anus
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KpunTtonedpeanaabHbIil KOMILIEKC.
Acconnanusa MalbsOHrHeBbIX COCYI0B € PEKTYMOM,
obecneunpauasn 6oaee 3pPeKTHBHBII MEXAHH2M PecopOLIH BoAbI
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MUSCLES INVOLVED IN WING MOVEMENTS 501

wing control by indirect flight

FIGURE 10.30 The mechanism of wing
movement. (A) The indirect dorsal longitudinal
muscles attach to the phragmata at either end
of the segment, causing it to shorten and move
the wings downwards. The indirect dorsoventral
muscles move the tergum downward with con-
traction, causing the wings to move upwards.
(B) Wing movements as a result of changes in
thoracic  conformation. From Brodsky  (1994),
Reprinted with permission,

Advanced wing control

primitive wing control by direct flight muscles (left) and the
muscles (right). From Nachtigall (1989), Reprinted with permission.
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OPI'AHBI HYBCTB HACEKOMBbIX

Amale Antheraea palyphemus moth ANMAL PHYSIOLOGY, Ch. 13 Opemer © 2004 Srauer Associates, ine






KyTUKynapHble CTPYKTYpPbl HEKOTOPBIX CEHCUNI: A — mpuxoudHas
ceHcunna, b — 6asukoHuyeckad, B — uenokoHuyeckasd, [ —
nnakoudHad, L[] — KonoKonosudHasa nogpyxeHHad;, £ —
KonokonosudHasa nosepxHocmHasa (TeiweHko, 1980)



YneTpacTpyKkTypHana opraHnsauia
TPUXOWAHON MexaHopeLenTopPHOW
CEHCUNNbI, pacnonoXeHHON Ha HoXKe
aHTEHHbI Y TNYNHKN cTpekosbl (no B. IM.
NeaHoey, 1978):

1— basanpHad membpara, 2— sono-
COK, 3 — eUOOU3MEeHeHHas pecHuYka, 4
— anuansHas knemeka, 5—
ducmansHbId ompochiok HellpoHa, 6 —
KymukynapHas obonodka, 7 — HelpoH,
8 — npokcuManbHbIl OMpoCcHok
HelipoHa, 9 — codneHosHad MembpaHra,
10— mopmoeeHHad knemka, 11—
mpuxozseHHad Kiemka



Bonockosble nnacmuHKuU
npedcmasnarom coboli ckonneHus
MexaHopelenmopHbIX MpPUXOUGHbIX
CEeHCUII, 8MOMIHE CXOOHbIX C
makmunbHbIMU peyenmopamu

KonokonoeudHble ceHCUNNbI cryxam
naponpuouenmopamu, pea2upyrowiimu Ha
Oeghopmayuro Kymukynbl 60 epems
MbllEYHbIX cokpaweHuli. ORuU
gcmpeyaromcs Ha ecex yyacmkax mena
HaceKkoMOoz20, MOOBEPKEHHbIX MmaKUm
degbopmayliam, HO OCODEHHO LIX MHO20 Ha
Kpbinbax, Ho2ax, Altyeknade u
mMaHoubynax.

—



Tympanum

These are usedto detectsoundata longer distance than can be picked up by chordotonal organs
Consistofathin membrane overatrachealtube This may be a respiratory trachea or a modified,
non-respiratory trachea

Can be located on the abdomen, legs, metathorax, ventralthorax, wing base, prosternum, or cervix

Scanning electron micrograph of the prothoracic
ear of the tachinid fly Ormia chracea.
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Thermoreceptors
These detect heat (or changes in temperature). If present, usually found in
antennae, but can also occur in legs (ex: American cockroach) or mesothorax
(Melanophila
beetles)

An example...

The beetle Melanophila
acuminata uses
thermoreceptors to
detect forest fires

Once the infrared heat
from a fire is detected,
females fly towards the
fire to lay eggs in the
recently burned wood




A magnified view of a pair of antennae of the Emperor Gum Moth. The hair-
like extensions are sense cells, called sensilla. They can detect the scent of
female moths kilometres away.

Photographer. Ken Walker Source: Museum Victoria






