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FIGURE J.A.  Structure of she typical pterygotan head. (A) Antector; (B) lateral: (C) postedior: and (D) ventyal
(appendages removest), [From R. E. Seodgrass. Principles of Insect Morphology. Copyright 1935 by McGeaw-Hill,
Inc. Usad with permission of McGraw-Hill Book Campany.]
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Fig. 2.7 Types of body segmentation. {a) Primary
segmentation, as seen In soft-bodied larvae of sotne insects.
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secondary segmentation, (d) Longitudinal section of dorsum
of the thorax of winged Insects. in which the acrotergites of
the second and third segments hive enlirged to become the
postnota, (Aflter Snodgrass 1935.)
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Wing nuﬂn and angles pLall dbias Ligiyadl

o 2ol Legiy S iy U b e G850 Ui (U k€ (0 5 Jc Wing gliad) ¢
VeInation e Aaia¥! b a5 slai o Veins 3y all o5 dgus jall 5 450500 Lo yhaall
falaall Ofjlaly daiall e ylall Shodall Lad o kel (ilal B aaalg g
o) Apterygota Aaiall dese Clpladl el dakW g Ol iall W Prerygota
S8 0 (Rl R A Auip N LS i 3 i i) D L3gne ot Yy
S el AR e i Al By el e il iy LS 5 5y el g g8 ol S
Syl LS ol 3 1 i e Ly ¢ el yn a1 Al @
S p2dl iang LA 4aia¥h dan B Aala¥ Ania Y1 Jans L Amia Y1 Ay il 5 R
bl St gl 13 iy ¢ L g om0 Gm 1530 IS 5y ISU S5 i i Gl el e

63



Bpilal) pualaall

1 Gl (53l = Sl Ay oo — iy o) 30 A8 — Juspadl iy — s U .

Ll Ja el plall IS ) jea el A LS D g ] palla) S 3 e
)l a0y (e AR A5 ey 3T ) \adad o jalh D puad e By ¢ doall 4 LS
ceega el y L 3 LS Hum G 4 Buss
Structure and Development of the Wings Aada¥) sady w5
Aol Aaldll 3 AT o Al gl ugd i, SASGA e 8 jgs D el 6 daip V)
3iaa dya AL daeal Aok JEE Cul3 oY) she 20 I S stal) Gkl 5850
Veins plod Gy 03 50 Lt M jaly g slie e 80 i slall Juall e
230 OV G 02 g S aLASI ) 5Y1 A 055 Functional wing i)l zlall jaiy
AASD ) a0 ) sl S lagad Sedl
slady Grad B daia W1 (L) 008 Gla Sl gl S @
il e G dal alsy Exoptergota AeiaY! Aae e Sl s ]
. Hemumetabola
(SN ) 5 5 hall o 3 o el sy Findopterygota SasYiadils i ytall o |
. Holometabola
Al Aa e b (k! deaili) daia ¥l e 6 K lall G2 pana B anin) LIT
Al iy sl Gilal) ap il g aadge i Agila Silda) K3 Nymph &S
L e (e S0 A gall Al RV S el o ALY sk g jle Y, AN,
Cuas Ay (MR el dyeay O €8 Sl Sy FI1 S WL s 5l
T ARS Al sl

-

64



1 Gy (53l = Sl Ay oo — iy o) 30 08 — Juapdll iy, — s Ll

Pananct sl pg othieus - Wargs oo seratch

:?/4

Aol gl ) See Aada V! WL (AN kI D) dade ¥l Aal D dall Al
aackall) 550 a3 LB e Imaginal buds adalz G150 o acl p S5 125, Larva
sl A ) 4 gl el Sl ey peaadl Slad Hypodermis (54l
Penipodial ~i_ai WAS! 5l Lgie aisSa Jalall yad SaaDy aie Galy 8 pinaialiy el il
adl Jals SASY! e iy latad 5 50 aa il Deai¥Y 14 sa Bilad ¢ cavitics
Taom e G AS DAl e d gl gk A Y] end m s RS Y A
e pall BT A Ly 0 sl s g ALl 4 L0
O B ¥1 SN 4 Y1 e JaBY eh anda ¥l pel 1 b A pgll Chinald J g S e Lol
aalaais il LS il e el g1k 0
A Hypodermis cells 5 550 Coad UNA dade i 0580 Ve iy 0 L8 AL il
Jaldl e 3855 Processes of hypodermal wo_as ailats Slddal s s Jhae Lhics
A A Trachea adil sl Dusid ¢ 4 4 Ja5, Basement membrane gci oLl o
b bl il i G 53 1l gl Sl e g Ll Vg S 4l
gaes ala 42 yaney Costa — Radial Group 4 uS) aalidl fe papdd ke 30 Sl
eliall Uih pal 2dle y ol gl ol ~lall 25 8 5 Cubstal — Anal Group s =0 s )
Ggoal 8L Al saaa Sielis A5 S 4 ¥ Claalls dhiadl acal gl A Y gl
sl A i a0 ealals b el 1ASY ALASH G plall 8 435S0 5l de plind 2 Al s ¢ Vems
V1l iy Yy 00 S5 3yl dand aSpadl jully plisll dlie 4y S5 adys do adaldll

65



1 Gl s (53le = Sl Ay ool — i)y o) 30 08 — Juspall Aty — s A a2

S0 el S Wl sl plall U il e e B g ol Jis ey aday U
Al ggll Sl (e LS Gy Al glall (3 a0 S Ly e el pl S 4y gy el ey
o el ¥ oMl il Ao 8 Al Gpant L ul S il (G 3 08 Glss
lladlyad A
Adlaal) Sl plall 157 T yadl L il
£ A8V S phally AW (48T Jal e T ®
13 g o e JBG Jabd M (el s ) Al 5,50 6D )
i
i Al je A el S Jals ) labsia il ¢ el ) casad ey 2
- Prepupal period ¢! yull
Rl L ¢ A0 LI 000 R e Sy JSEN S0 il (3] ) ge Sainy 3
JSipAN Uelae Jijley Bud »= 0 B4 plall 5585 ¢ A i g s
Al g
Pupa ¢ padl R a0 pa ) Al g
O el LA ik OGO 1 18 Vgl 5ads 5 Aam a8 S W18 pall dnin W) gl
S5 0 5 et Alall by Sl -H-d’ SRS & 0 B ) Ly ¢ el
Rata¥1 A a3 gyl s a SRS ALal e T o ol JS5 00 Tioda a AT Y

N ot

ata ) o 555 potl labeica

66



1 Gy (53l = Sl Ay oo — iy o) 30 08 — Juapdll iy, — s Ll

wing
membrang upper cutticle

scrnue

A sugpestion ufpoﬁ&dmum of 3 primitve Theorerscal diagrammatic cnas section theough a choeacke

insece with three pairs anotal Jobes thae f oticel h fobes ¢n ol
mary have e tmed in glm' e »ypat insece with paranceal n place

Basal articulation of wing gliadl s G Jeadad
bkl ~Rial e A pane o g 0 Al dalie Sugh (p s piall aay Fla 8 dily
Lo Jeand sy pall Bl e plad 38 5a D A =L Articulator Sclerites
Antenior notal ekl aliall o o il a5 g Analadi 4 jimall ailad Aa i e O 5
O+ Juall LS Poeterior notal wing process il aliall o 3 ¢ 1, wing process
e B8 Ay« Pleural wing process aUal g ¢ G0 G opas ! o) e i e T Yl
G4 Axillary cord e Jaalls e cipal Jia K3 Ul agllll ablall maad antaYl
pdl f g JAES ) plinll agilad Al 4 e Jeay oy aa il apilall s Al adlady By

pall Jaaial
* ot Adataill miliall Jiali y
Tegula or Parapteral 4stia jal! 5 4y il quclall Slad ||

6’



1 Gy (53l = Sl Ay oo — iy o) 30 08 — Juapdll iy, — s Ll

bl pla JS) d atlall Gl de iy add alls dpnl anlia e s Je 4y
Sy Ay A e Sl ]l 3 L gday ST 6y b D Pl e g O iy
ealind
Humeral plate «:cdl s sl
J s 5 agel adall 2ie B de Costa (C) alaall Goall 268 3 3o 35 4agien 4
. Tegula
Axillaries or Pteralia <y piaad 3
G pall pgand a1 QLA 5 sa iy g el Agall (a plislh Jeaia 555 Sl Ay
i psall e Ggamia) Gk ¥ 3 G pdall 3 diline o gy S0 gELy aded)
ot ¢ Lepidopera Ss: iy Odonata Slic jlly Ephemeroptera wha 422
el g NV G g aas ey A Al pe danile i) (e g et sy e
stinll 500
| o4 Plates humeral & axillary 8y sals pliall 334 4 jad,
A e a N N e ey Axillary | Y Al
ol Canl 3 Al ey dde a4 il GlaTi R 5 aa Sy a1 g 5 el
5 Y gl )« Subcosta (SC)
Radiug 5 sl 58wy Y1 aadall s 3agd Axillary TT o daaall o
Pleural wing process g~bad g bl ¢ 5l aa b ) as Ja¥) fe Joandsy (R)
ahidl a ALl 2 jall 8 AR Y s JSEU, Axillary [T S0 aaaab o
B i el e
. Anal (A)
Ry 0 Asshall J aad ) by Ao 2o 5t aaia W) ASLEE 5 Aause A0 O e ey LBy
Joashia ¢ 4sshio a9 Al AV adaall N el ol el e Al
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gl 3 a8 mRiad G rg5 Ay Basalare Sclerites plall sl zlia |
5250 o gl Jlal Episternum <seleY!

adlall 1l 88 el iy 4yl 4y Sobalar sclente plsll Jhdd dads o
S e Sl s Epimeron

Figares, A generalized wing of i peopleran mvect (sny hving winged msect other than
Ephemeroptera and Odonata), showmng the articulation and the Kukalova-Peck nomenclatiral
selwmne of wing venation.

Notation &s follows: AA, snal avenor, AP, anal posterior, Ax, axillary sclerite. C, costa; CA,
costa antertor. CP, costa pestenior; CuA. cubatus antener; CuP, coleus postence; hm,
Imneral vein; JA, jugal antenor; MA, media adenor. m-cu, cross-vein between medial and
cubital areas, MP, media postenor, PC, precosts. R radins, RA. radins antersor. rom, cross-
vein between mdial and median arens; RP, mdins posterior; ScA, suboosta antenior; ScP,
subcosta postenor. Branches of the anterior and posterior sector of each vein are numbered,
e CuA 4 (After CSIRO 1991)
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Figare. Cartoon ilinstation of 2 transverse sechon of the thomx of a fly in rear view, showmg
soune elements of the complex wing hinge of a fly, consisting of ndges and protmsions on the
thornx and a munber of hardened plates of cutele (sclentes) between the body (thorax) and
the wing root
Modification of wings &sia¥i & jgas =
Alall i iy« aaiall g poalS lghe aS jana (1 auibal ais il padl i asia ¥l 2gmy iy
S o Apterygots aasnll fes O e Ao a8 LS ol s W el G S
Prorygota o aiy Asnll AaiDal lginin! o b Amigeall 5 il b LS A 5 45525 die
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o LS Micropterous 5! Brachypterous Sus o jady aia¥l e Jua gyl 38 J 3y o,
| ald 0585 3 5l Zlall aie Suaind 38 058 By aaia ) Al s daives A4 Sl i ey
Andilaia 45 (e Coccidac e o LS 2Uall dapie LAYy misa 831 555 338 slaalial L=
Al B e 3 LS aadae VI Wiy plall dge S5 585 8 ) Homoptera aaiaVl
o Jadlly Jadl by e A2 35 Chaloididae Ble e Plastophaga 3!
AS i Lyinip! cealy o 58 Nuptial w51 ke say iS5 Sab daigad (3 dpemiall 3 4V ) 550
3 o dhu a7 ) ga A plind) e pelill o 0
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P el adaal) elal G p gl duaad g
Hamulal type (M0 &2 J4a - |
Agiatad Hamuli - <8 a0 A Caghtaall Sa s Al #Usll 3l d5lall Sy e 2 5y
e e e
A 0y
length = ca. 2.8 mm
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underside edge of fore wing

underside edge of rear wing
WWW .‘I‘)‘umblebee.ora

Frenulate type Sad Sull jga 2
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Se+R+=M+Cu

Hamulus
Claval fold

FICURE 328 Wing-coupleng mechmim in Hippotion
sorva (Lepidoptomal. (A) Male: and (B) female. [Aftor
R. I TNilyaed. 1914, The panorpold comples. Paet 1 The
wing-coupling apparatas, wih special nefarence 1o the Lepi-
doptera, Prov, Lim, Soc, N5 W 43286-319. By permiwion
of the Lisncan Sockety. NS.W.|

Jugate type oall 51 et &2 J4a - 3
Jugum sl JS& seky (at) asall 4nli 551 ) dal) plall Aalall Qi 3ol e g a5
o laSh gy iy y AL Pl 3 L ol i) L () Laiy el ALl it A
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LS y daady @8 jaf _alally Yl Gualiall 38 e ekl Cuas o plll lee J3a pualial
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Costal mavgin

1L L £

< Jugum of forewing
Cenlaping
Rinchwing

o+ Hndwing

ILepidoptera)
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Humeral
angle Bue fold

Figese |, Basie sucasrs of wings (Sua, 2004, P11)

Mechanism of flight JJ sl 4805
e P e
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_Pleurobasalar muscle

Sternobasalar muscle als o sy 4 Y| e x addgdilly -
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Insect Flight Muscles

wing basa
notum

subalare sclerite

pleurite notch
basalare sclerite

subalar muscle
basalar muscle

coxa of leg
pleurite

Front view of winged thoracic segment

notum

dorsal lorgitudinal muscie

tergo-stemal muscle

sternite
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{d)

Ll o Direct flight mechanisms: thomx during (a) upstroke asd (b) downstroke of the
wings. Inclircet flight mechanisms: thomx doring () upstroke and {d) downstroke of the
wings. Stippled muscles ane those contmcting in each illustrution. (After Blancy 1976.)
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FALAEQZOIC MODERN

pranotum
A7 devnlaping fore & hind wings

loglet—F g —p==of £a9
LEIES ax cviponitor
N |
endites ' 4
(b} —Ammm

Figures. Appendages of hypoethetical prinative Palseozoic {left of each diagram) and modern
(nght of each diagram) prervgotes (winged insects);

(a) Thoraewe segment of adalt showing generalized condition of appendages, (1) dorsal view
of nymphal morphology. (Modified from Kukalova-Peck 1991; to ncorporate ideas of JW H.
Troeman)(uapublished).
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WING VENATION

Comstock-Needham System
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FIGURELJS.  Secnedary segmesial sppoadepes. (A) Profey of s cterpidlar and (B) gl of s mayfly Luve. [From
R. E. Seartgrass, Prisviptes of fusees Marphediogy Copyvight 1035 by MeGeaw Hil, Ine. el with porraision
of M:Gerw-Hal Book Compeny.]
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Figures. The female abdomen and ovipositos:

(a) latemal view af the abdomen of an xhult tussock moth (Lepidopters: Lymantniudac)
showing the substitational ovipositor formed from the extensible terminsl segments; (b)
lnteral view of a genermhized orthoptermd ovipositor composed of appendages of segments §
and 9; {c) transverse section throngh the ovipositor of a katydid (Orthoptera: Tettigonizdac)
Ti—Tha, terga of first so tenth seguents, 5.8y, sterna of second 1o ewglih segrments. {{a)
After Exdmaam 1929: (b} after Suodgrass 1935, (¢) after Richards & Davies 1959)
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Invertebrate Zoology
Robert D. Barnes

Figure 16-8 A, Reproductive system in a female insect I Lateral view of the posterior end of the abdomen,
sbowing reproductive opening and appeadages, forming ovipesitor, (Both after Snodgrass)
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FIGURE 3.32. Sting of the honey bee. [After R, E. Snodgrass, 1925,
Anatomy and Physiology of the Honey bee, McGraw-Hill Book Company.]

THE BEE'S STING
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System of levers
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by a system of articulated plates which dig the
barbs info the victim and pumg in vanom
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® Fig. Schematic representation of the sting apparatus i the Acwleara.a Overview (adapted
from Maller 1988).b Cross-saction of the sting (adapted from Edery et al. 1978).

Figares. Duagram of the major congponents of the venom apparaius of a socaal aculeate
wasp.(After Hermamn & Blum 1981).
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(b}

Figures. Male extemnal genitaha,
(a) Abdominal scgment 9 of the bastletail Machilis varrfabiliv (Archacognatba: Machilidac),
(b) Aedeagus of n click beetle (Coleoptern: Elutendae). {2) Afer Snodgrass 1957)
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Figere 16-9 Wmmmamm A. General plan of system. B, Laseeal view of the
end of the abd P B and adher structures. C. Poaterior view of the abdamen,
thowing penis and daspees (A.lah«%nndpm)
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FIGURE A3, Origin and development of e phallic cogans, (A) Primsay ptallic kb (B) pained peses of
Epbemeropiera; snd {C) formation of the acdcagss. | Reproduced by permission of the Saithsoosan Institution Press
from Seuthsowian Miscellaneous Collectioms, Volume 135, *A rovised interpectation of the extomal repeoductive
ocgins of mede msccts” Number 6, Decernber 3, 1957, 60 pages, by R E Socdgrss: Figaees 1A-C, page 3.
Waehington, D.C., 1958, Smitheonian Inatitution |
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