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Porifera m Cnidaria m Annelida m Platyhelminthes m Mollusca

Arthropoda Nematoda Echinodermata Chordata
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Introduction

Arthropod Appendages

UNIRAMOUS vs. BIRAMOUS

Exopod

Endopod

Endopod
Exopod

Endopod
Exopod

Arthropod Mouthparts

Right mandible

z

Chelicerae

CHELICERAE vs. MANDIBLES

Q— Left mandible
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Structure of crustacean cuticle. Seta

Opening of duct
to tegumental gland

EPICUTICLE S

[ Exocuticle i Sa
PROCUTICLE - i i
Principal OS.F!ﬂfUQ ]W[San
| Endocuticle ayer
hiembranaus PHYLUM ARTHROPODA

Epidermis Basement Tegumental

membrane gland
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Introduction

Articular membrane
(thinner, hardened
procuticle)

Direction of
movement when
flexor contracts

Epicuticle
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Procuticle
(less hardened)
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(a) (b)
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Classification

Arthropoda

Mandibulata
Pancrustacea ]

Chelicerata Myriapoda Crustacea Hexapoda
B

Biramous 2nd antennae

Unique trachael
. . system
Loss of antennae 2 pairs maxillae

6 legs
Nauplius larva

O =
. - ] Tagmata = head,
1st pair ?‘f ala.ppendages Tagmata = head + trunk 2nd pair of antennae thorax anid abdomen
= chelicerae
_ All head appendages except 1st antennae
Tagmatfa—bzeop::::"othorax Logs of cogpaund eye used for feeding sometime in life

Tripartite brain

Shared derived DNA sequences

Mandibles

Compound eye
1 pair of antennae

Chitinous exoskeleton with articulated appendages
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Subphylum Trilobitomorpha

(A)

Carapace
Glabella
Cheek
Compound _
eye %z N\ 7

Uy,
(4
P

(Section I) Cephalon
as.ANtuY lwlskna

(SectionII) Thorax PHYLUM ARTHROPODA

(Section III) Pygidium
Median lobe

Lateral lobes
("pleura")
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Subphylum Chelicerata

Pycnogonida

Multiple gonopores

Abdomen reduced

Preoral proboscis

Ovigers

Dr Supanut Pairohakul

Chelicerata

Merostomata Arachnida
Slit sensilla

Abdominal appendages
reduced, lost, or
modified

Book gills

1st or 2nd abdominal somite
modified as genital somite

Two median eyes

Cephalothorax a carapace-like shield

Loss of antennae
Four pairs of legs
Chelicerae and pedipalps

Cephalothorax and abdomen
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« Class Merostomata

Dr Supanut Pairohakul

Gill Lamellae
(Book Gill)
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Subphylum Chelicerata

Figure 19.6

A, Dorsal view of horseshoe crab Limulus (class Merostomata).
They grow to 0.5m in length. B, Ventral view of female.

Pedipalp

Chelicera

Gnathobase

Simple eye Chilarium

Genital
operculum

Hinge Abdomen

Opisthosoma

Book gill
(abdomen) aRRals

Compound
eye

Telson Gill opercula

Carapace
Telson P
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Subphylum Chelicerata

Carapace

(A)  Median (simple) eyes\

Prosoma

o
¥
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&
3
#
i

Telson
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3
3
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Lateral

Opisthosoma

Prosoma

(compound) eye

(B) Mouth Chelicera

Pedipalp

Gnathobase

Chilaria
Fourth legs
Gill lamellae

Chela of third\
walking leg

Genital operculum
(first opisthosomal

appendages) Opisthosoma

Gill operculum

Book gills Anus

Telson
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Carapace

Prosoma Compound (Lateral)

Eye
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Opisthosoma
(Abdomen)
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Subphylum Chelicerata

Chelicerae

Pedipalp
(1st Walking Leg)

Walking Legs

(2nd - 5t Walking Legs) Gnathobase

Chilarium
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Subphylum Chelicerata

Chelicera

Walking Legs

Abdomen .
Gill Operculum

Tail Spine
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Subphylum Chelicerata

- Class Arachnida
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Lamellae
of book lung .
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Subphylum Chelicerata

(A) (B) _ (C) .

Pedipalp Chelicera Eyes Clypeus / Chelicera Labium

\ / Fang C\ Maxi

/ axilla
Pedipal ()
_.'_;:3 ____..-- edipalp 2‘//

Prosoma " First-fourth legs ‘ Sternum
Pedicel Lung slit

Epigastric furrow

N \ Opisthosoma

Anal tubercle

Spiracle
'\o

Spinnerets
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Subphylum Chelicerata

Opisthosoma Prosoma
(abdomen) (cephalothorax)

Chelicerae  Pedipalp

Walking legs Q

Pumping Digestive Anterior Pericardial Ostium Digestive
stomach ceca aorta sinus gland

Lateral blood vessel

Eyes Malpighian tubule

Poison gland
Stercoral pocket

Padipalp Silk glands
Anus

Chelicera Spinnerets

Pharynx Coxal Subesophageal Ventral Book Seminal Vagina
gland ganglion sinus lung receptacle
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Subphylum Chelicerata

Chelicera

Pedipalp

Lateral eye

Median eye
Genital operculum

Pectine

Stigma

Pleura

Metasoma

Dr Supanut Pairohakul

STERNUM

GENITAL
OPERCULI
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Subphylum Chelicerata

(B)

Figure 19.3 Members of the order Acari. (A) The mite
Zeroseius ometes (Parasitiformes). (B) A skin mite, Demodex
(Acariformes), with very short legs. (C) A mange mite,
Sarcoptes scabiei (Acariformes). (D) An adult chigger mite,
Trombicula (Acariformes). Note the sejugal furrow between
the second and third legs. (E) One of the feather mites,
Analges (Acariformes). (F) A tick, Dermacentor (Parasiti-
formes). (G) Tydeus starri (Acariformes), with a deep seju-
gal furrow. (H) A wood tick, Ixodes ricinus (Parasitiformes),
preparing to feed on a human.
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Pedipalp

Tarsal
sense organ
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Subphylum Chelicerata
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First walking legs
Pedipalps (“feclers”)
P pﬁ/,ga’ \\\a,\ Pedipalp
/
Antenniform First Leg
\

Prosoma,

or Cephalothorax as.fAntug lwlskna

Carapace
(of prosoma)

Trochanter

i ] SN PHYLUM ARTHROPODA
I,M , Femur or Abdomen
Mesosoma — “ ' Patella
/ ,.J‘/ Tibia
P T
X il Flagellum,
'J Metasoma i \ or Caudel Appendage
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- Class Pycnogonida (Pantopoda)
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Subphylum Chelicerata

Posterodorsal
tubercle

Dr Supanut Pairohakul

WV Trunk

VY.,

-t

Lateral process of
body (= pedestal)

Figure 19.7

A, Pycnogonid, Nymphon

sp. In this genus all anterior
appendages (chelicerae,
palps, and ovigers) are
present in both sexes,
although ovigers are often
not present in females of
other genera. B, Pycnogonum
hancockii, a pycnogonid with
relatively short legs. Females
of this genus have neither
chelicerae nor ovigers and
males have ovigers.

35

IWIAVNSNIUKIINYIAY
CHULALONGKORN UNIVERSITY

as.ANtuY lwlskna

PHYLUM ARTHROPODA




Mandibulata
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- Clade Mandibulata

Cornea

Crystalline

cone
R Ommatidium
~— Affrent erve as.fAnfuy lwlskna
fibers 2 v ] 3
(b) Structure of compound eye
Gomes PHYLUM ARTHROPODA
Crystalline
cone
Retinular RCA 7
cell = — Retinular
‘ cell
Rhabdom Microvilli of
(microvilli of — - retinular cell

retinular cells)

Dr Su panut Pairohakul (c) Structure of an ommatidium (d) Cross-section through an ommatidium
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Subphylum Myriapoda

| Myriapoda |

Diplopoda Pauropoda Chilopoda Symphyla

Loss of eyes First pair of legs
modified as

venom claws

Spinnerets on 13th
2 pairs of legs trunk segment

per segment

Loss of circulatory

system Eyes lost

Branched antennae Second maxillae form labium

Anterior trunk limbs

suppressed Medial coalescence of maxillae

Second maxillae lost Venom fangs

Gnathochilarium

Loss of compound eyes

Repugnatorial glands

Organs of Tomdsvary
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Subphylum Myriapoda
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Antenna
Ocelli
Fang
Second maxilla . — Head
Poison
First maxilla gland internal
Maxilliped fo— < Leg 1
L : Leg 2
Leg 3
as.Antug Iwlskna
— Trunk

PHYLUM ARTHROPODA

Vulva

Anus

Posterior leg

(a) (b)

Morphology of a Centipede. (a) Dorsal view. (b) Ventral view.
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Subphylum Myriapoda
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Second segment

Collum i
(first segment) QS.FINtUY 1W[SKQ8
Eye PHYLUM ARTHROPODA
Mandible
Antenna

First leg

(second segment) Gnathochilarium

Morphology of a millipede showing a lateral view of the head.
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« Class Insecta
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Subphylum Hexapoda

ocelli frons
epicranial suture

n ecdysial line)
(8 v frontal
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FRONT VIEW OF HEAD WITH
MOUTHPARTS IN SITU

——compound
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W ‘ : compound eye
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\\' ) antenna pedicel
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antenna

postoccipital suture

lateral
ocellus

postocciput

Q.‘

Q

D
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median ocellus occipital condyle

gena

ecdysial line
cervical sclerites

frons
anterior tentorial pit postgena

frontoclypeal sulure/ . U
posterior tentorial pit

clypeus/

labium

labrum
+
'{ LABIUM WITH
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Subphylum Hexapoda

Elytron (forewing)

Antenna ——__ =
Compound eye ‘

Prothorax

Mesothorax
Metathorax

Prothoracic leg

Mesothoracic leg et —
N ying wing

Abdomen
Metathoracic leg

Style Anal cercus

(a) Male

Morphology of an Insect. (a) Dorsal view. (b) Ventral view.
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Fenestra

Antenna
Frons

Clypeus
Labrum

Eye

Mandible
Labial palp
Maxillary palp

Coxa

Pulvillus
\— Femur

Trochanter

Tibia

Spiracles

5-jointed tars.:=

Claw

Anal cercus

(b) Female
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Subphylum Hexapoda
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salivary reservoir
thoracic muscle abdominal ganglion

salivary gland thoracic ganglion accessory gland

ovarioles
trachea of ovary

compound eye

antenna
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Subphylum Hexapoda

thoracic ganglion ventral nerve cord accessory gland

salivary gland

thoracic muscle testis

invaginated phallus

compound eye

nerve to cercus

7 o A \} & o as.ANNUY Iwlskna
antenna vosonnacin / ”eum‘:\m”s PHYLUM ARTHROPODA
crop \j\/
(b) proventriculus T P T it
55 mm caecum Malpighian tubules
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Subphylum Crustacea R

Cephalothorax (13 segments) Abdomen (6 segments)
I |

Carapace

\\

Antennule

Antenna

Mandible
Maxillae

Maxillipeds

Cheliped (first leqg)

Claw

Swimmerets

Walking legs
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Subphylum Crustacea

Pancrustacea
| Crustacea
I_ Oligostraca _“_ Xenocarida " Vericrustacea —I
¥ '
4
o
& T o~
o -] i o (SN0
§ A 3 £ £F
S ¢ & & g
T
g § & § § &e
z o £ ) ¢ IS
|
Genital appendages on
Mouthparts for 1st abdominal segment Thorax 8 segments,
catching prey Genital appendages Maxillopodan abdomen 6 or 7 segments
Abdomen  on 15t abdominal li plus telson
Unique reduced to 11 segment naingar eye
tracheal segments Abdomen é 4 segments
system Maxilliped Thorax s-s segments
2nd maxillae reduced No abdominal legs
Malpighian or absent
tubules i
No abdominal .
Lateral trunk legs Maxillipeds
appendages No abdominal Reduced carapace
“Whole-limb* legs Abdomen < 8 segments
mandibles Thorax < 11 segments
Carapace
Abdomen < 9 segments
Loss of 2nd
antgiinas Reduction in segment number
Tagmata of thorax and abdomen
6 legs

Biramous 2nd antennae
Stalked compound eyes?
“Gnathobasic” mandibles

Nauplius larva

All head appendages except 1st antennae used for feeding sometime in life
Mandibulate structure of ommatidia

Tripartite brain

Appendages on 3rd postacronal segment are mandibles

Two pairs maxillae on postacronal segments 4 and 5
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Subphylum Crustacea

Exites Coxa
(epipods) Endite + Protopod
Basis
7
Exopod 4/ Ischium

Epipod

Merus . Endopod (gill (gnathobases)
Dactyl
Exopod
Propodus
Carpus Endopod
(a) (b) -
' as.fAntuy lwlskna
Tibia

i PHYLUM ARTHROPODA

* Endopod

Pretarsus

Trochanter

Coxa

(c) (d)

Arthropod Trunk Appendages. (a) A crustacean biramous limb. (b) A crustacean biramous
phyllopodial limb. (c) A crustacean uniramous walking leg. (d) The uniramous leg (stenopod)
of a grasshopper.
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Subphylum Crustacea

(A) Tail
‘——Cephalothorax j | Aben—l l—— fan
T e
Merus Carapace % e
N Telson
Uropod
Propodus & Swimmerets
Antenna 7 ‘ E{ g -
Rostrum 4 * 4 "‘%‘_‘W OSFTﬂ fUO ]W fSKﬂa
Compound ¥} ¥? 5 2 - "
Antennule ¢ )

Cheliped % X PHYLUM ARTHROPODA

l Legs
(= pereopods)

— Protopod

Uropod Endopod
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Subphylum Crustacea
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Subphylum Crustacea

Tagmata
|
Cephalothorax Abdomen
Second First ] ]
antenna antenna Rostrum Brain Heart Pericardium
upraesophageal
(SR phag Intestine

ganglion)

Ostium | Testis

Flexor
muscles

Antennal Mouth  Subesophageal Digestive Ganglion  Vas Copulatory Swimmeret Anus Telson
gland ganglion gland deferens swimmeret
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Subphylum Crustacea

Ostium

ot
.....

Gill chamber

Edge of
carapace

Nerve cord Digestive gland

Coxa
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Bladder

Labyrinth

Bladder

Tubule

Labyrinth
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Subphylum Crustacea

(B)

Thoracic
ganglia

Abdominal
ganglia
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Subphylum Crustacea
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Subphylum Crustacea

== Epicuticle
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STEP 2:
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stage, new exocuticle
is secreted as molting
fluid dissolves the old
endocuticle. Solution
products are
reabsorbed.

STEP 3:
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Subphylum Crustacea

a
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A

Fig. 1.

Photographs of four species of Remipedia (not shown at same scale). A, Speleonectes tanumekes Koenemann et al., 2003 (dorsal view; photo by
J. L. van der Ham); B, living specimen of Cryptocorynetes elmorei Hazerli et al., 2009 (ventral view; body length 11 mm; modified from Hazerli et al., 2009);

C, living specimen of Pleomothra fragilis Koenemann et al., 2008 (body length not known; modified from Koenemann et al., 2008). D, Godzilliognomus
frondosus Yager, 1989 (body length approximately 8 mm). A: dorsal view, B-D: ventral views.

(Hoenemann, 2013)
Dr Supanut Pairohakul
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Subphylum Crustacea
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B Fairy shrimp
(order Anostraca)
A Tadpole shrimp
(order Notostraca) C Daphnia

(order Diplostraca,
suborder Cladocera)
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Subphylum Crustacea

Adductor muscle Egg

Antennule Vilve

Mandible
as.ANtuY lwlskna
g g PHYLUM ARTHROPODA
Valve
Labrum (“upper lip”) /TT\
Maxillule Caudal ramus
Fifth leg
Sixth leg
(@) (b)

Morphology of Ostracods. (a) The ostracod Cytherella with left valve removed for clarity. (b) An intact ostracod
showing the body position with the valves.
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- Copepoda
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Subphylum Crustacea
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Subphylum Crustacea
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Subphylum Crustacea

Claw glands
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gland
Ventral T
Ventral as.fintuy lwlskna
2 e d 2
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Uterus Midgut
Penetraton stylet PHYLUM ARTHROPODA
Gland cells
Figure 16.19 Anatomy and diversity
in the class Maxillopoda, subclass Penta- Ganglion
stomida. (A) Linguatula serrata. (B)
Cephalobaena tetrapoda. (C) Internal < ol
anatomy of female Pentastomum. (D) o 2 ‘?“’* Vagina
Internal anatomy of female Waddycephal- Claws
us teretiusculus, a parasite of Australian Leg Gonopore

snakes. (E) A generalized pentastomid

primary larva. Rectum
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- Cirripedia
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Subphylum Crustacea
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Subphylum Crustacea B yasnsuvannas
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Subphylum Crustacea
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Subphylum Crustacea
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Subphylum Crustacea
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Conclusion

TABLE 30-4

Extant Arthropod Subphyla

Subphylum
and Selected
Classes

Myriapoda
Class Chilopoda
(centipedes)
Class Diplopoda
(millipedes)

Chelicerata
Class Merostoma
(horseshoe crabs)
Class Arachnida
(spiders, scorpions,
ticks, mites)

Crustacea
Class Malacostraca
(lobsters, crabs,
shrimp, isopods)
Class Cirripedia
(barnacles)
Class Copepoda
(copepods)

Hexapoda
Class Insecta
(bees, ants,
grasshoppers,
roaches, flies,
beetles)

Body
Divisions
Head with
segmented

body

Cephalothorax
and abdomen

Head,
thorax, and
abdomen

Head,
thorax, and
abdomen

Dr Supanut Pairohakul

Appendages:
Antennae,
Mouthparts

Uniramous.
Antennae:
one pair
Mouthparts:
mandibles,
maxillae

Uniramous.
Antennae: none
Mouthparts:
chelicerae,

pedipalps

Biramous.
Antennae:
two pairs
Mouthparts:
mandibles,
two pairs of
maxillae (for

handling food)

Uniramous.
Antennae:
one pair
Mouthparts:
mandibles,
maxillae

Appendages:
Legs

Chilopods:

one pair/segment
Diplopods:
usually two pairs/
segment

Merostomes:
five pairs of
walking legs
Arachnids:
four pairs on
cephalothorax

Typically
one pair/segment

Three pairs on
thorax

Gas
Exchange

Tracheae

Merostomes:
gills
Arachnids:
book lungs
or tracheae

Gills

Tracheae

Development
Direct

Direct, except
mites and ticks

Usually larval stages
(nauplius larva)

Typically, larval
stages; most
with complete
metamorphosis

Main
Habitat

Terrestrial

Merostomes:
marine
Arachnids:
mainly
terrestrial

Marine or
freshwater:
a few are
terrestrial

Mainly
terrestrial

10

IWIAVNSNIUKIINYIAY
CHULALONGKORN UNIVERSITY

as.ANtuY lwlskna

PHYLUM ARTHROPODA




