R F I

® &ukisdxrg

FEEMY¥ (—) General Entomology

— B A% Insect Morphology

o EFHEIF: HIRE

MTAEFR: HAFE



Lecture 4 Thorax of Insects
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« Structure determines how an insect moves through its habitat.
*  Wings determine flight capability.

* Legs determine how it moves and digs on land.




1. Structure of Thorax F&&s () 3L A ¥ 3&

Thorax is composed of three segments

— prothroax Eif % mesothorax # i metathorax /5 ¥
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* Thorax is the center of locomotorv

— Highly sclerotized =
— fore legs, mid legs, hind legs —
— In pterygotes mesothorax and &=~ o
metathorax b U
- enlarged relative to prothorax ke

» formed a pterothorax 3%

Tarsus



. Prothorax Bij i

— without wings

— structure usually simple

1) pronotum B HiI 5 4R

— may be simple in structure and small in comparison with other nota

— some insects with secondary sulcus on pronotum



« But in some insects the pronotum
are highly modified

— Locusts, mole crickets of Orthoptera

— Treehoppers of Homoptera rhinoceros
beetles of Coleoptera




Prothoracic morphology among various extant and extinct insect lineages

af ‘\ A,
Shapes indicate lineages where paleontological evidence (blue diamond), expression data (green

squares), functional data (orange circles), or transformation (via Hox manipulation) data (red
triangles) are available to support the hypothesis of wing serial homology. Insect lineages shown
are (clockwise from top left) a hypothetical apterygote insect ancestor, Tenebrionidae, Dynastinae,
Scarabaeinae, Membracidae, Tingidae, and Palacodictyoptera.



2) propleuron R AR

— In primal insect or insect with undeveloped prothorax the
propleuron is also undeveloped
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Eps, episternum; T, protergum; C, coxa; Tn, trochantin; Tr, trochanter



3) prosternum xij i %

 Usually undeveloped, and
sometimes with some special
structures

* e.¢., jumping organ of click

beetles PPk Ht f5c 48




II. Pterothorax 3 i

— In pterygotes the meso-

+ metathoracic segments (', .
are highly modified and

a wings
partially fused to form b joints

c dorsoventral muscles

the primary flight motor d longitudinal muscles
=a b Wc od



Diagram of a hypothetical step in the development of a winged segment
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1) tergum of pterothorax .3 i 5 &5 i

— Three sulci
- antecostal sulcus §j674 : WIEABIAE (¥ KA E phragma)
- prescutal sulcus B &4
« scutoscutellar sulcus J& A4
— Is divided into

- Acrotergite 35 Fr: JEHURE A E
Y RBSFRERERE, B
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prealar arm

anterior notal
process
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— Notal wing process &' 58



ACROTERGITE
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« Hemiptera :3# H. Coleoptera #53# H B &

— Triganular scutellum exposed
 Hemiptera:3#¥ H 45 Plataspidae. &5 Scutelleridae

— Scutellum extended and covered the whole abdomen




2) pleuron 532 155 AR

Episternum U] /5 /Epimeron J5 ]/
pleural articulation il 258
pleural wing process lj3# 58
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Ba, basalar sclertie; Sa, subalare; Sp, spiracle;
WP, pleural wing process; Epm, epimeron; Eps,
episternum; Pls, pleural suture;
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3) sternum EL 35 SR

* Acouple of sulci
— presternal sulcus B {14
— sternacostal sulcus ilF &4
* |s divided into

— Presternum B i

— Eusternum Ej§ v (furcasternum

AXER)
« Basisternum g
o Sternellum /piE

— Intersternite [A] 8 i (spinasternite
BRI )

- WHERIR, FRARIZ spina

Bs, basisternum; fs,furcal suture; pss,
pleurosternal suture; sa, roots of sternal
apophyses; S/, sternellum; spn, depression
marking the site of the internal spina



2. Endoskeleton [

Tergum & HR—phragma (pl.
phragmata) & &
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Assignment
Why the morphology of pterothorax differs from the prothorax?

Further reading
Hu Y, et al. (2019) Beetle horns evolved from wing serial homologs. Science.
366(6468): 1004-1007.

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

Capinera JL, (2008) Thorax of Hexapods. Encyclopedia of Entomology.



Lecture 4 Legs of Insects
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1. Structure of Legs

A B R AE

« Each leg contains six structural components (segments)

— Coxa &
— Trochanter 374

— Femur &5

— Tibia &3

— Tarsus Hf75

— Pre-tarsus Fif ¥ 1

25



arolium

claw aroliar pad
(unguis)

unguitractor —=——
plate

tarsomere

apodeme of
depressor muscle
of pretarsus
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’i:'§3 S. caementarium (Sphecidae &
e &R} female foreleg
ar, arolium (turquoise);

ac, arcus (green-brown);

arg, arolium gland (purple);
cl, claw (brown);
ma,manubrium (dark yellow);
pl, planta (red);

pt, plantula (gray);

Tar5, tarsomere 5 (gray);

un, unguitractor plate (blue);

unt, unguitractor

27



Water treader Mesovelia, Water-walking

28



Why do some water striders have fans on their legs ?

A Mid-leg morphology Stream environment

Plant substrate

m Mﬂllea/r:) Stridulivelia tersa

Rhagovelia nymphal development

The Rhagovelia water strider has feathery fans that grow on its middle set of
legs and help it with turns and to travel upstream against the current






Weevil Trigonopterus sp.
Metacoxa (A,B) showing notch (n) and inner
thread (1), and of the corresponding trochanter
(C,D) with external thread (e) and condyle (c)

130°

Coxa (green) and trochanter (yellow) of
left hind leg of weevil 7. oblongus.

(A) Depressed position.

(B) Elevated position.

31



f proximal

3

inner
= plate
~ P

Hearing organ of Hemideina thoracica. (A)Female, the large tympanal membrane located on the tibia. (B)Close-up of
the anterior tympanal membrane showing the inner plate (long arrow) and a loosely suspended, lightly coloured rippled
zone (short arrows). (C)Close-up of both tympana in frontal view, showing the bulging of the tympanal membranes from
the surrounding cuticle. (D)SEM of the left posterior tympanal membrane.
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SGO

tympana

Tettigoniidae ]
SGO, 10,
CAH | Haglidae
Anostostomatidae o |O
=
Stenopelmatidae Q@
=]
Cooloolidae? 2
&
Gryllacrididae g
Schizodactylidae c A H
Raphidophoridae —
. B — e
g Gryllidae ‘i.
| . )
e Gryllotalpidae %
o

The black square symbolizes the
synapomorphy of the tripartite tibial

Comicus calearis. b, c Foreleg tibia viewed from
anterior (b) and posterior (c). Note enlarged
leg tibiae without detectable tympana. d.
Neuroanatomy of the complex tibial organ in
the foreleg. CAH crista acustica homologue;
10 intermediate organ, SGO subgenual organ,
ta tracheal attachment. 33

sensory organ, the gray squares
symbolizes the origin of the tympana.
Filled circle Plesiomorphic character of
bipartite organ structure comprising the
subgenual organ and intermediate organ.




Fat in the Leg: Function of the Expanded Hind
Leg in Gasteruptiid Wasps

QL

As such, gasteruptiids could use their enhanced subgenual system to locate ideal nest
oviposition locations either by detecting signals of host larval movement through nest
entrances and substrates, or simply by tuning into host vibrational communication of adults

(e.g., ‘buzzing’) during host interaction, a trait that may serve additional purposes in avoiding

host stinging defense. 34
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2. Leg Adaptations and Modifications
TGN

« Typically the legs are concerned with walking and running, but they may

be specialized for a variety of functions.
— Jumping

— Swimming

— Grasping

— Digging

— Sound production

— Cleaning

36



» Walking (Cursorial) leg 2647 &

— Ground beetles, Tiger beetles, Cockroaches

— adapted for running

* coxa: articulated with pleural process with
articular socket <7 &

* trochanter: small and freely movable, usually
reduced and singles.

 femur: most prominent, robust section.

« tibia: femoral articulation permits vertical
motion, flexed against the femur.

 tarsus: commonly divided into five or fewer
articles viz. tarsomere [f475.




» Jumping (Saltatorial) leg BkiEx 2

— Grasshoppers, fleabeetles

— adapted for jumping

— Hind tibia well developed, long and narrow I/«\~ - A

& Acceleration




A0=85%10"

N Trochanter

100 um

F Issus gear tooth Involute gear tooth

Ppaer = 2.6 um filet P

VD wpm [N B

O 2 et o
(A) Issus (Hemiptera: Fulgoroidea: Issidae) ) nymph viewed from the side. (B) Gears on the left and
right hind trochantera (C) SEM of the partially elevated articulation between hind trochantera and coxae
and the engagement of gears. (D) Higher magnification of the interdigitation of the gears. (E). Diagram
showing the radius of curvature of the trochanter (0,,,), the angular placement of the teeth, and how
the gears enmesh. (F) Profile of a gear tooth in Issus (left) compared with a man-made involute gear
tooth (right). The radius of curvature of the fillet (og.,) is indicated.

20 ym
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« Grasping (Raptorial) leg 7/ $2 /&
— Praying mantids 43
— adapted for catching and holding prey

— coxa elongated, tibia and femur of foreleg are equipped with spines

(@)

— Coxa 1

—— Femur £ Y
Tibia @ iy

— Tarsus S

& &

Initial Sweep Sweep
posture Apprf)ach (thrust) (capture)

Retraction



- Digging (Fossorial) leg JF-3& & OANIE VY
— Mole crickets 1155, cicadas 14,
various beetles J &k FH bt (?)

— adapted for digging in soil

tarsus

— forelegs are large, heavily
sclerotized, and posses stout
claws

— tibia are flattened, with teeth

— tarsomeres are reduced in number
or may disappear entirely




 Swimming (Natatorial) leg Ji ¥k /&
— Diving bugs, Water beetles and

Predaceous diving beetles 51 71 -
JeE. K

— adapted for swimming

— tibia and tarsus of hindlegs
(occasionally also the middle legs) are

flattened, bear rigid hairs around the

periphery




» Clasping leg #1128 &
— adapted for grasping
— male predaceous diving beetles

used for hanging onto the

female during mating

— tarsi extremely expanded,
sucker-like setae on the tarsi of

their forelegs increases their

ahility to grasp females



 Antenna cleaner {# £ 2%

— lined with hairs occurs on the metatarsus of foreleg

bristles (red), comb (blue), brush (green

44



@ Comb 78X )

— Rows of hairs on the inner side of first tarsomere, can scrape pollen off

the abdomen J5 2 KT %, HE

@ Pollen basket 1£¥71%5: formed in the connection between the tibia and

the tarsus, and this basket is used for collecting the pollen grains
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Clinging (Scansorial) legs 25 &
— louse
— leg is short and thick

— tip with a single, large tarsal claw which

folds back against the tibial process




Significance of insect legs
Q\

A2 ;3‘@@%4*%%@
$%¢ﬂ m%ﬂ

&Q&g::—f”:‘:i
K

47



Summary

hose? 4
1) Bl

()

A\
@ - tarsus

trochanter
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Assighment

To discuss the function of different types of insect adult legs.

Further reading

van de Kamp T. (2011) A Biological Screw in a Beetle's Leg. Science.
333(6038):52. DOI: 10.1126/science.1204245

Weiraucha D, et al. (2011) On the evolution of raptorial legs —an insect

example (Hemiptera: Reduviidae: Phymatinae). Cladistics. 27: 138-149.
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