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OVERVIEW OF Arthropod DIVERSITY



Insects are arthropods

F Kingdom
M Phylum
#8 Class

B Order
B Family
B Genus
78 Species




Major groups within the Arthropoda

Pycnogonida

(FEHHIR)

Chelicerates

(EEHH)

Hexapods

(7N e%H)

ancestor

Crustaceans

(FF75)

Myriapods
(= EH)
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HEXAPODA
(BRANERNEY) , BEXA2HEE )

Collembola BRE )
Protura B2 E >ENTOGN*ATHS
p (INES))
Diplura 28
_
Inzecta E &40 ECTOGNATHS

(F+%E)



Entognaths(A[%8) and Ectognaths(t
(B'E mAE -8B ZER)

e Entognaths (A %8): Mouthparts
“pulled up” into head capsule

/T—Tmagus

mandible

mandible

labrum

cavity enclosed
by oral folds

maxilla hypopharynx

oral fold hypopharynx oral fold cavity enclosed

by oral folds
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THE ENTOGNATHS
Orders Protura, Collembola, Diplura

CNEEY), GEEERALET

antennae _
bend or elbow in antennae

globular body shape

Protura



Entognaths(AW48) and Ectognaths(#+%8)

JNEEEESME
e Ectognhathous

hexapods: | /ff |
Mouthparts not \ NN
covered by Rerfg \W |
head capsule( \
22 HL ;)




Protura Collembola

Diplura Insecta

?

Entognaths Ectognaths



HrO%E=Eaaif
Ectognaths: CLASS INSECTA

Archaeognatha FO0BGREWE)
Thysanura «&H

Plerygota A on4

Order Achaeognatha (&5 [E H) and Order Thysanura (<
A H) sometimes referred to as the apterygotes (5%liqzn
“’1”) — primitively wingless.

Pterygota are the winged insects



e Order Archeognatha (& HE"ancient jaws”)
e Only 1 mandibular condyle (KZE#E—1E)




Tree of Hexapod Groups

Protura Collembola

Diplura All other orders

Archeognatha

Dicondylic
Jaws

(R ERERL P 1)
Entognaths Ectognaths




Order Thysanura (X H ~ R

AR

Silverfish and firebrats

e New invention:

dicondylic jaws (K3E#ZEELR
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AE. RIRE
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Entognaths



Pterygotes—winged insects

Faleodictyopteroidea +
Ephemeroptera
Odonata

Meoptera

Ephemeroptera (##if% H) and Odonata (#5415 H)
sometimes called the Paleoptera (&5 4 #1%+ Old
wings)



Orders Ephemeroptera (%% H) and
Odonata (515




Neopteran Insects (FEHEF)

* Most of the insect orders

« Special wing-folding mechanism

» Can fold wings flat over back (=] LLj&4d
T ERRE L1 T)




Dictyoperan orders

Blattodea(Z5 %5 H )
Blatteria-Roaches
Isoptera-Termites
Mantodea-Mantises



Order Orthoptera:Two big groups:

+ Ensifera: “long horned” ¢ Caelifera: "Short-horned”

« Crickets, katydids and ~ * 9grasshoppers, locusts
weta and their relatives




Hemipteroid Orders

w
P R
B 3

Hemiptera/
A thrips Homoptera

Thysanoptera

Crab louse-Phthiraptera



Butterfly-
Lepidoptera




Phylum Arthropoda:
the jointed-foot animals

Many basic features shared with other
animal phyla

SEGMENTED BODY (E4347€D)
DORSAL HEART (0 MZLFAEEN)

PAIRED VENTRAL NERVE CORDS (f
ISR AL HE D)






Phylum Arthropoda

COMPOUND
EYES (f2HR)

«« » many small units,
OMMATIDIA ({5EE
Rhabdom Eij—n)

—— Photoreceptor P O M M ATI D I U M
has lens, visual
) Ommatidium plg ments




Phylum Arthropoda
unique characters

» Coelom greatly reduced (B&P%EAL)

* |nstead, open circulatory system ([
T HGAEER)




Phylum Arthropoda
unique characters

» Hard, jointed exoskeleton (REH4YMNEEZ)

— Cuticle= protein and CHITIN, a
polysaccharide

— Sclerotization of cuticle:
tanning of protein to form hard plates

» Jointed, segmented appendages on
each body segment (4588 K [t 47 E0)




Segmented body plan,
Jointed exoskeleton

Anterior to mouth:
non-segmental acron
Or prostomium

* - Ty =
_ e AT i

Just posterior to anus:

non-segmental tail,
or telson or periproct

Paired, jointed limbs on
each body segment



DORSAL VIEW
(FEm)

Tergites(=7 /7 ): hard dorsal plates

Soft, thin pleural membrane

hard ventral plates: sternites(fg |5 )




Tagmosis (47 e D)
Fusion, specialization of body segments




Modification of limbs

Head or head region
limbs = mouthparts, antennae.

Other limbs 2>
walking, swimming, (ZE#f)
sperm transfer,
holding eggs, (4:%8)

Limbs may be lost




Insects: 3 body regions or tagmata

« Abdomen(fi§), thorax(f), head (5H)










Segmentation (57—
how do we know(¥[1{o]&17E 57 2% E7)?

Count appendages GIE}fY)

— Each pair of appendages (or things derived from
the appendages) indicates a segment

Count pairs of nerve ganglia (GTEfHKED)

— (one pair per segment)

Examine limb buds in embryos (HfRFE)

(5 FAEE2HT 753£) Use labeled antibodies or
other method to determine where gene for

“front edge of a segment” is turned on in
developing embryo




“Traditional” view

Mandibles

Maxillae 1

T4

v i
: 55 ;

Crustaceans Insects Myriapods  Chelicerates
(traditional view)

|
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Basic insect head

Head capsule
1 pair compound

eyes(tZHR)
3 simple eyes-ocelli (&
IR )

1 pair antennae (fi& 13 )
3 pair mouthparts (I185)
— Mandibles(X:28)

— Maxillae(/)\=8 )

— Labium ()




Parts of the head

Gena

™ Maxillary palp\_

/

Labial palp



Parts of the head

Foramen

o Vertexre— Magnum

Maxilla

Labrum



Internal bracing in insect head

Tentorium



Eyes

 Compound eyes

* Up to 3 simple
eyes or ocelll

* More on eyes later




Eyes of praying mantis




\—=  Antennae

e Sensory
— Chemoreception({LE #5725
— Touch(f& B R~ &5)
e Parts
— Scape (&)
— Pedicel (i)

— Flagellum (with many small
flagellomeres)(c2))




Antennae

 Honey bee
* (Apis mellifera)

—lagellum



Many modifications

/”\wﬁ%m

ﬂahnﬂatn




Mouthparts

Labrum

— “upper lip”
— May or may not be
derived from limbs

Mandible (2) Clypeus (\H

Maxilla (2)

Labium

— formed of fused left
and right limbs

.Fa-""’"d-

) —

Labrum /’K

Mandible

Maxilla

/!

/g’ e{’?@\

Labium
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Modified Mouthparts

3
o
33



Insect thorax

N 9

* Formed from three body segments g }

— 1st referred to with prefix “pro (5i)”

— 2nd “meso (H1)”
_ 3rd “meta (1)’

* Three pairs of walking legs

* In winged (pterygote) insects, 2 pairs of
wings



Apterygotes:
Archeognatha &
Thysanura

Thysanura

Legs similar

Thoracic segments
clearly visible



http://www.ucmp.berkeley.edu/arthropoda/uniramia/firebrat.gif
http://www.ucmp.berkeley.edu/arthropoda/uniramia/firebrat.gif

Three segments clearly visible

Prothorax
A e  —
4

] N\
\-
1

Mesothorax

Metathorax



Thoracic segments
ey often fused or
gl modified



Basic thoracic sclerites

Larva of a
trichopteran




Basic thoracic sclerites

Larva of a

rich ran y mesonotum (&7
trc OImlgronotum (BIETR) (F=1)

Metanotum (1% &515)

Tergites are
called “nota”



Basic thoracic sclerites

Larva of a

trichopteran Lateral sclerites
are called “pleura”
propleuron

metapleuron

mesopleuron



Larva of a
trichopteran

proepisternum

Basic thoracic sclerites

Pleural sutures
divide pleurons
Into episterna and
epimera

metepisternum

mesepisternum



Basic thoracic sclerites

Larva of a
trichopteran

Metepimeron

mesepimeron



A more realistic mesothoracic segment

Wing articulates
here —

Leg attaches here







Honey bee thorax



Thorax highly modified in a bee

- Thorax Abbcmeﬂ ,
Metanotum

Splr ade 5 _—Tergltes

Mesonotum
/

Pronotum h

‘ Stermtes
Propléur on 1081

Heta leumn
Mesopleuron £ B = Membrane



Thorax highly modified in a bee

Thorax Abbomen

Metanotum
S Ahp ade 5 L gltes
Mesonotum X _,.:-,.-==-'~‘°" .g‘

ron Legl | Metapleuron
Mesopleuron £ B = Membrane

Prople




Coxa

The Insect Leg

Trochanter

A
Tibial Spurs

Tibia

Tarsus

Claws

Preying
Mantid

Diving
Beetle




What about wings?

Two pair

On 1st and 2" thoracic segments
Diptera (flies) have only anterior pair
Second pair replaced by halteres



External morphology-
Abdomen




Abdominal segmentation

Usually easy to observe
11 segments
9-10 easy to observe

Specialized for digestion, fat storage,
reproduction



Dasyleptus- extinct apterygote
from Carboniferous period

Note appendages on abdominal segments!



“Modern” apterygote
Order Archeognatha, Family Machilidae

Note most abdominal appendages reduced to
“peg-legs” called styli




Modern Nomadacris (Orthoptera)

19

T10

111

Ear

/ Spiracle (5FL) S8
S1

T = tergite, S = sternite Ear = Tympanum




Where did all the
abdominal appendages go?

* Most lost without a trace

» Genitalia (4255 s3)
— 8t & 9th segments of females
— 9t of males

» Cerci (one cercus) (f&=E)
— 11" segment




Generalized
female genitalia

Ovipositor (7 [IE2)

Genital opening
on 8" segment




Generalized
female genitalia

3rd yvalvula

2nd yvalvula

\
15t valvula

1st and 2"d valvulae

A may form a tube for
egg-laying
e 3'd valvulae may form

protective sheath




o) 9

2nd valvifer

cercus

Generalized
female genitalia

3rd yvalvula

2nd valvula

15t valvula

-

1st valvula

\

2nd yalvula

3rd yvalvula




Generalized
female genitalia

Valvulae =
1 | lobes on coxae

Valvifers = coxae of
Modified appendages

—



Female of Romalea microptera (Orthoptera)

cercus

3rd yvalvula

2nd yvalvula

1st valvula

Genitalia of most insects highly modified from basic plan



Generalized
male genitalia
anus

Paramere =
Gonostylus+gonocoxite

Aedeagus (= penis)

gonostylus

gonocoxite



Generalized
male genitalia
anus

Gonostylus+gonocoxite
(or paramere) = modified leg

Aedeagus = fused lobes from
coxae of 9" appendages

Aedeagus (= penis)

gonostylus

gonocoxite



Male of Romalea microptera (Orthoptera)

Not much to see from the outside



Abdomen highly modified In a bee

- Thorax Abbcmeﬂ ,
Metanotum
Splr ade 5 _—Tergltes
Mesonotum
/
Pronotum h
Stermtes

P[ﬂp NIT OTh Ing:l

Heta leumn
Mesopleuron £ B = Membrane
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Lab 2
External Morphology



BEZE (The Head)

IR compound eyes —FHFT 25/ NIRAHARAVIRIE » (L ATEET I > B EHRESRE -

BAHR ocelli — fiz B0 b J7 W EH#EHR = FEIAVAREE - =(EE0R9(E » ERIT-PHrEL  Se4RaHE -
K5H mandible — fXCIZ85MA] - FIFAY) ~ FERP)ELD; % -

/NS maxilla— (IFARSHRTT - BTSRRI EY) - EARSEE A aYRE

EE labrum — frf g5 BJ5 » AR  (REN RS E

TE labium — ISR TS - NEFFSEENNESE ©

filgfy antenna — (i JREHES BTG EE - DS EE > REENESESE -

[1gs mouthparts — FL&ERaH Z ik Eas B VAR - IREMEARENA ZEP -

faEl ( The Thorax )

HgErti. nota — EIZHIHES - fREEANEES ERIIMERS -

PEFR scutum — A HRELAL - AT PR FRVEES

FIRAD fore legs —ELEAVAT 2 » oA ¥IHE - A fEERH L At el -
thHAl mid legs —EE&ATT0E » oA BT -

%l hind legs —E &M% 2 - oA ETE - AU EA K KIKIEE -
HH coax — MAIFTEARIERBESAVEN - REE— 26 -

A trochanter — i iYL BEFRER =~ RV EE — 267 -

HEER femur —ERERAVES = 6 > B FEAELA -

FRER tibla —ELERAVEE DU E - M FEAR - A EEA R -

G tarsus —ERERAVES AR ER » X o RS T/ NG LAFIZERT -

JIN claw — 7E &2 € B HYEmoARN - FRUTEZET) -

W wings — AUIRSAVRITERE - ABE - £8 KPFEFLEEFPA -
VHSE pterostigma —ZHIF AT AT 4R BRI — A AT/ DR -

WES base — WHBHEARGH T R -

thE discal — I ESE 2 R HH SRR ERE ARy —RIE K, -

B8 ( The Abdomen)

SMETEES external genitalia —ERERAYYMNEBAESE SR E T ELPEBIZLAVER o -

FEDIES ovipositor — WEERHYEEDNEE » (LHAE HIRE N

FEYVE common oviduct — Hfess FH DIHEH ONAVEIRES E - ASHIREUHRAYIZAR

A4:JEFL gonopore — AFEEFAL] - FEZFHEAYIEN T - Biss ROV EBH T - I SAPiEE
B

55 penis — [HEeaAYACHCER E - HLAHEROE - -

f2iE vagina— MERRVACECERE @ RIS EMATUS -2 EHE -

BONE oviducts — HfEaRAYIN-FEmLEE -

2 FE%E spermatheca — W KRR TV EEINEGRE -

SAFL spiracles —EEERAYIFIRFL ©



HEAD SPIRACLES

TYMPANAL
ORGAN

COMPOUND EYE

Lucy Treadwell, November 1998
University of Florida
Department of Entomology and Nematology

Itreadwell.ifas.ufl.edu/insects/index.htm
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