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Lecture 5 Wings of Insects
Fhik RBEpE

@ Insects are the earliest group that evolved the
flight ability in animals, which is the most

important key innovation in the evolution.

@ |t opened up a whole new realm for feeding,

escape, and dispersal.
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1. Development and General Structure 3 [¥] & 4= 5 ¥4 i&

PALAEOZOIC MODERN

Hypotheses about the origin of the wings:

I. Pleuron hypOthESiS ﬂﬂﬁﬂiiﬁiﬂ (Kukalova-Peck, 1983)
I1. Paranotal lobe hypothesis fll 335Ut (Packard, 1808)
I11. Tracheal gill hypothesis S & BRER Ut Gegenbaur, 1870)




Paranotal theory fll &5 32 1%
 The wing was developed from paranotal lobes ({l] &)

— paranota are lobes postulated to have been derived from thoracic terga.
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Structure of wings and its variation

e Structure #if wing

membrane upper cuticle

— epicuticle 3R, cuticle & %, basement =-———-————===":"""""_“'--ﬁxm
membrane JEJI&, veins ZFfiE GHAK) '

— Slipcover of wings

* Setae / hairs
* microtrichia
* scales, the flattened setae found on

butterflies and moths



* Usually triangle in shape, three margins and three angles and three folds, four regions

Costal margin EifZf— Outer margin %% — Inner margin j5 () %

Humeral angle J§ fi— Apical angle Tji fi— Anal angle Z £

Basal fold Z£%%, Vannal fold Z#%, Jugal fold HEi%%

Axillary region Ji[X, Remigium ZH[X, Vannalregion (Vannus) &[X, Jugal
region Hi[X Preroyiome
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B Vein BRK: BB ZHEER DB MIIRL, BEHOLINEH .

B Some groups also with

B Alula $#3¥ Calypter

B Pterostigma & - an opaque or pigmented spot anteriorly near
the apex of the wing
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2. Variations and modifications of wings

(1) Primitively and secondarily wingless
— In Apterygota, the wings are never present,
primitively wingless, such as silverfish and
springtails.
— In Pterygota, some insects lost their wings, but
their ancestors ever possess wings, secondary

wingless, such as bedbugs, lice, and fleas.



l. Apterogota o3 )

I : without wing J5 4




Il. Pterogota g 3.4 — with or without wing

® The complete absence of wings is secondarily as in all lice and which is a

secondary condition and associated with the habits

* soil-dwelling
« endoparasitism

— Lice, Flea



(2) Size and shape

 Macropterous K7 :
»  Brachypterous 4337,

° Apte rous %ﬂﬂ Solitary phase(left)v/s Gregaria phase(right)

 Parasites, such as fleas, lice,

bedbugs, are often wingless;

« Ecological adaptation:
polymorphism, such as aphids,

planthoppers.




4-Vinylanisole (4VA, 4-7.%%Z:7K HE¥) is an aggregation pheromone in locusts
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Texture JiiHi — degree of sclerotization

mTypically membranous and transparent

mHowever, from this basic pattern are derived many other conditions




UGA1265149

 In Diptera, Strepsiptera the hind and fore wings are
reduced and modified as stabilizers, haltere“F##&, and

do not function as wings.


http://www.insectimages.org/images/768x512/1265149.jpg
http://www.insectimages.org/images/768x512/1265149.jpg

 In beetles, the fore wings are hardened and serve as
protective covering for membranous hind wings, called

elytra¥§3@ (sl. elytron).




cuneus

corium

______

M L TR membrane

* In bugs, the basal part of fore wings is thickened and

the apical part is membranous, called hemelytra32&53#.
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» In grasshopper, the fore wings are.thick-e.ried and leathery, called

tegmen B (pl. tegmina) .

« In some insects, wings are used to make sounds, e.g. in crickets,
katydids, grasshoppers.



The wings of the same wasp,
viewed against a white background ERGEEEIRBEERETEIL eI

 In wasps, dragonflies, and mayflies etc., wings are

membranous and clear, called membranous wingf&E3#



* In thrips, slender front and hind wings with long fringes
of hair along the margin, called fringed wing Z&34.



* In Lepidoptera (moths and butterflies), front and hind

wings are covered with flattened setae or scales, called
lepidotic wing &



2 % S BlAlucitoidea

3 i# Rl Pterophoridae



* In Trichoptera (caddisflies), the long, silky hairs that

cover most of the body and wings (piliferous wing).



3. Functions of wings

— Flight K47 (',
* The two-winged condition is b jointe
. . . c dorsoventral muscles
aerodynamically more efficient d longitudinal muscles

EE g eb l/C ¢d

than the four-winged condition
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BIOLOGICAL STRATEGY

Nanopillars vs. Bacteria

As more and more of the
bacterial membrane wall
adheres to the nanopillar ...

Bacteria

On the surface of the These structures are spaced out the portion between nanopillars
clanger cicada wings, there evenly and protrude upward from is stretched, eventually reaching
are tiny cone-like structures the wings' surface. a breaking point which kills

known as nanopillars. the bacteria.



androconia .

P4 (C21)

Heliconius Heliconius
cydno melpomene & ® &

Male hindwing scent scales of Heliconius  Ochlodes sylvanus sex brand highlighted
t—ftringes, p—pedicel, cs—cuticular socket, and mb—
main body or blade



Moths with longer hindwings escape an increasing proportion of bat attacks

Percent escape success (%)
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|
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@intact $Ablated + Sham
#Elongated ¢ Short 4 Blunt

10
Hindwing length (cm)



a wings
b joints
c dorsoventral muscles
d longitudinal muscles
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The diversity of wing patterns across insect orders

pterostigma nodus (N) RA ScP PC+C+ScA

ey ——
RP— G40 25 —J == CuP
AR e 5 U AA
Rl e osioe P
MA R TR
MP 3 A hypertriangle (ht)
u 0
(b) CuP triangle (T)
R ScP PC+C+ScA interstriae epipleuron

PHASMATODEA

I
mesal sutural edge

(c) CuP  anal area (d)

costal fracture R+M

(e)

Wing taxonomy: size, shape and structure
Adapted from Misof e al. 2014,




Assignment

To discuss the evolutionary and function of insect wings.

Further reading

Zhang CX, et al. (2019) Molecular mechanisms of wing polymorphism in insects.
Annual Review of Entomology. 64: 297-314.

Ross A, (2017) Insect Evolution: The origin of wings. Current Biology. 27(3): 113-115.

Ohde T, et al. (2013) Insect morphological diversification through the modification of
wing serial homologs. Science, 340:495-498.

Misof B, et al. (2014) Phylogenomics resolves the timing and pattern of insect
evolution. Science, 346: 763-767



Lecture 5 Velns and Venation of Insects

Ehi EHAEK
1. Veins ik

wing
membrane

upper cuticle

et e e 1 N D SR S e
=i
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Solid arrows indicate points of tracheal division, dashed
arrows indicate fusions of veins with multiple tracheae
present; course of tracheae indicated by green lines



2. Type of veins 3 ik A

— convex vein 'Yk +

— concave vein Y}k -

— longitudinal vein 2Bk

capital letters

— cross vein FEBK -

lowercase letters

base

Ve

- 1 + g -
. p d i _ wing tip
C 2 +
\
\ 5
\ +
\ h\<i
\
- |
\ K 7
\

outer shape
vein

.......... folding line

dividing line
+ /- convex /concave



3. Venation Hﬂ(F?

mconsistent within groups (especially in families and orders)
moften differ between groups

mprovide major features used in insect classification and
identification.

mthe basic pattern is the same

8 hypothetical primitive pattern of wing venation {548 J& 45 ik 7
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EEETY

Subcosta :Costa (C) ATk +

Subcosta (Sc) AT - |

Radius (R) 72fik +

Media (M) F1Jik -

Cubitus

Ana Cubitus (Cu) it ik -

Costa (C) —the leading edge of the wing f .
Subcosta (Sc) — second longitudinal vein (behind the costa), typically unbranched Anal vein (A) %Hik

Radius (R) — third longitudinal vein, one to five branches reach the wing margin

Ve

Media (M) — fourth longitudinal vein, one to four branches reach the wing margin g—sz
Cubitus (Cu) — fifth longitudinal vein, one to three branches reach the wing margin B

Anal veins (A1, A2, A3) —unbranched veins behind the cubitus



g H R o

A ik 42 R f&j 5 R YK
humeral crossvein Jg1# ik h C flsc
radial crossvein 2248 fik r R, f1R,
sectorial crossvein 4318 ik S R.HAR, BL R, FIR,,«
radiomedial crossvein 42 H & ik r-m R,.s ¥l M.,
medial crossvein F gk m M, 1 M,
mediocubital crossvein A 4 Bk m-cu M., ¥ Cu,

h cross-veins — run between the costa and subcosta

r cross-veins — run between the first and second branches of the radius
s cross-veins —run between adjacent branches of the radius

r-m cross-veins — run between the radius and media

m cross-veins — run between adjacent branches of the media

Mm-Cu cross-veins — run between the media and cubitus

Costa

SCH

Subcosta

Cubitus

Radius



Coleoptera

Costa (C), Subcosta posterior (ScP) — at the leading wing marginal,
fused for most of the length.

Radius anterior (RA) — divided into two branches beyond the middle of
the wing;

Radius posterior (RP) — basal connection is lost.

Media posterior (MP) — branches, long and strong vein.

Cubitus antetior (CuA)

Anal veins (AA, AP) — veins behind the cubitus, separated by anal fold.

Odonata

pterostigma

Costa (C) — at the leading edge ot the wing, strong and
marginal, extends to the apex of the wing.

Subcosta (Sc) — second longitudinal vein, it is unbranched,
joins C at nodus.

Radius and Media (R+M) — third and fourth longitudinal
vein, the strongest vein on the wing, with branches, R1-R4,
reach the wing margin, the media anterior (MA) are also reach
the wing margin. IR2 and IR3 are intercalary veins behind R2
and R3 respectively.

Cubitus (Cu) — fifth longitudinal vein, cubitus posterior (CuP)
is unbranched and reach the wing margin.

Anal veins (A1) — unbranched veins behind the cubitus.



The diversity of wing patterns across insect orders

pterostigma nodus (N) RA ScP PC+C+ScA

ey ——
RP— G40 25 —J == CuP
AR e 5 U AA
Rl e osioe P
MA R TR
MP 3 A hypertriangle (ht)
u 0
(b) CuP triangle (T)
R ScP PC+C+ScA interstriae epipleuron

PHASMATODEA

I
mesal sutural edge

(c) CuP  anal area (d)

costal fracture R+M

(e)

Wing taxonomy: size, shape and structure
Adapted from Misof e al. 2014,
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Inflated wing veins contribute to butterfly hearing



4. Modifications of venation patterns 1 ik (X1 2544,
1) Increasing 1455

— accessory veins B ik

“--I-.--
NS [T T
NI

QN

* occur by the branching of existing veins

 PREREREE YRR JE N NS FH,
b, C%’ ﬁana' R1b

— intercalary veins [E ik Cnd@ERk)

* development of additional veins
between the original ones

o IEETEREIT—ARBE SN —KE
B “1”, M,




2) Reducing V2>

— fuse 5 3% : two veins fused together

o DL ‘e BEFERNMNIKZFTFRER
— lost JE &£




5. cells =

# Closed/Enclosed cell FHIE
¢ Open cell A=

1M cell (1st discoidal) very long

Vespidae



e Cell nomenclature ¥ = iy 44
— The cells are named after the longitudinal vein which forms their anterior edge Ul
HETZ Rk 6] 5 44
« Sc/EHRAEBWET4% =, efEcell Sc
o« WMPHASEEZ FHBARKIE R, WRIHR, WIR, G KIHE ML EcellR ,,,

2 submarginal cells

Megachilidae

; forewing

jugal lobe short : .
or lacking hind wing



6. Articulation S )=

@ Pteralia @& : BEFERXFHAHEEH S—

tg /
/ S%ond Axillary c

Egdé\ild\ First Axillary: . e R - e
ANP* o A
Distal

— In all winged insects the axillary area i m) e

Proximal P
plate (m) ¥~

contains the movable articular sclerites i

(pteralia) via which the wing articulates on ’

the thorax ’\'IH“}';A:XL‘HE‘J '.‘f;-'._-:: A:‘ .1".-':.'.::. Pou/CuPAA1+AA2

— Humeral plate & &

— Axillaries i Fr: —f&3~4k A ', _ AT

— Median plates 7 F: #ERS> ARSFEH JAJAsz AP1+AP2 (2V)

@ Tegula B SN
@ Axillary cord JBZ&




Folding mechanism

* Paleopteran are not able to fold

the wings

* Neoptera are able to fold the

wings back over their abdomen.

— the third axillary sclerite and

pleural wing-folding muscle.

{ Y
generalized mesothorax (lateral)

4.6. Major types of wing articulation in Ephemeroptera, Odonata, and Neoptera




(1) Synchronous flight muscles (2) Asynchronous flight muscles Vertical
muscle Longitudinal

muscle

Longitudinal
section

p
Elevator Vertical muscles pull on

Elevator muscle :ﬁggfe' the roof of the thorax,
muscles pull causing the wings to rise.
Depressor The thorax widens and

wings up. muscle Longitudinal

muscle

lengthens, and stretches
L the longitudinal muscles. J

Longitudinal muscles pull on i
the anterior and posterior

ends of the thorax, causing
the wings to lower. The thorax
narrows and shortens, and
stretches the vertical muscles.J

muscles pull
wings down.




7. wing-coupling mechanism

1) XB)R

— Groups with fore and hind

wings both developed have no
wing-coupling apparatus
dragonflies i i
mayflies IF 4
termites H Y
lacewings ELI%



2) EBghk
- BEPH. £WE. #PE. 3GHE

* With fore or hind wings modified have no

wing-coupling apparatus
- B9 H. FE. ¥HE. EHESE

* Wing-coupling mechanism have evolved

that link together the fore and hind wings
- BAKIE, REBKTHE: FEAK
ik, WATHSZRCLES AR B WEAERE b



FERIRN I

A. amplexi form g%
— Butterflies and some huge moths

(R IR 220D

— An enlarged humeral area of the

hindwing is broadly overlapped by
the forewing.
— The power stroke of the forewing

pushes down the hindwing in

unison.



B. jugate form %Y

 some primitive moths have enlarged lobe-like area near the basal
posterior margin at the base of the forewing, called jugum, that folds

under the hindwing in flight

° mecopteran insects A -

jugum



C. frenate form A&

— Most moths

radial vein .
retinaculum

— a hook like or hard brush structure

frenulum

humeral lobe

(retinaculum I 22%4) in radial vein

or cubital vein of fore wing

Q retinaculum
H H . . N\ \\
— the hind wing has spine like or long =

hard spinous structure called —

frenulum A E (HEE —8, MR
ZH) which is locked into

retinaculum



D. fold form 3 #8#Y

s2 the wing-coupling apparatus consisting of a long,
downturned fold on the forewing and a short, upturned lobe

on the hind wing
o fold-hook form #8444 %l
® Wasps, Aphids
« fold-fold form £ 48

® Cicadas

Forewing

Hind Wing




Summary

pterostigma

costal margin -

2
RA3+4 (R1) Radius
RP1(R2)

RP2 (R3)

apex

JA4

JA3
Jaz JAT
AP4
Jugum AP CuP+AA1+2
Jugal fold " e Cubitus . .
o o posterior margin

anal fold claval fold
Anal



Assignment

To illustrate the hypothetical primitive pattern of wing venation.

Further reading

Ross A, (2017) Insect evolution: the origin of wings. Current Biology. 27(3): 113-
115.

Shimmi O, et al. (2014) Insights into the molecular mechanisms underlying
diversified wing venation among insects. Proc. R. Soc. B. 281: 20140264.
http://dx.doi.org/10.1098/rspb.2014.0264.

Misof B, et al. (2014) Phylogenomics resolves the timing and pattern of insect
evolution. Science, 346: 763-767.


http://dx.doi.org/10.1098/rspb.2014.0264

