
CEPHALIZATION

SYMMETRY and BODY AXES
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“bilateral”
(two axes)
e.g. worms

“radial”
(one axis)
e.g. cnidarian

“asymmetry”
(no axes)
e.g. sponge

• CNS structures
• sensory structures
• feeding structures

“spherical”
(no axes)
e.g. egg?

infinite planes of symmetry 
through single point

infinite planes of symmetry 
through single line

single plane of 
symmetry



Solutions?

SUPPLY REMOVAL

Scaling problem
Surface area   length

Volume   length

?

?

Challenges to building 
a thick body



Ph. Platyhelminthes: Cl. Turbellaria

Triclads

Acoels “Rhabdocoels”

Polyclads

( + 6-7 other 
orders...)

X

Theme: limits of diffusion, size and complexity
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EcdysozoaLophotrochozoa
“deuterostomes”

Bilateria
“coelomates”

“protostomes”

Eumatzoa

K. Animalia



Digestive

Nervous

Reproductive

Excretory

Mesoderm (muscle)
Ph. Platyhelminthes 3 embryonic germ layers

epidermis

gastrodermis

muscle 
layers

spongy 
parenchyma

C

L digestive
cavity



Muscle



longitudinal and 
circumferential 
(circular) muscles

bulbous, muscular 
pharynx

© Matthew Hooge

Rhabdocoel turbellarian
phalloidin stain (L-actin of 
body wall musculature)

genital pore



Polyclads swimming with 
undulatory body waves



Nervous ExcretoryDigestive Reproductive



Turbellarians are often 
predatory specialists

bryozoans

ascidian

planarian feeding on a midge

polyclads feeding



Digestive

A B

C D



Nervous ExcretoryDigestive Reproductive



Digestive

Nervous



Nervous ExcretoryDigestive Reproductive



Excretory/
Water balance

excretory 
pores

nucleus flame cells

flagellae

Protonephridial system

flame 
cells

tubules

by flame cells

by tubules



Nervous ExcretoryDigestive Reproductive



Reproductive

http://www.pbs.org/kcet/shapeoflife/episodes/hunt_explo2.html
http://www.youtube.com/watch?v=5fx-YgcP8Gg (0:43)
http://www.youtube.com/watch?v=S0c3NyupRuY&NR=1 (0:35)

“Penis-fencing”



Asexual reproduction and regeneration



Ph. Nemertea (Ribbon Worms)

Themes: efficiency of a 1-way gut; novel structures



rhynchocoel

Ph. Nemertea: internal anatomy



nemertea = “unerring”

http://vimeo.com/13829966



Nemerteans are 
voracious predators 
with well-developed 

chemical senses

fish eggs

scyphozoan 
medusa



circulatory 
system

Excretion in nemerteans
protonephridial system 

coupled to circulatory system

Excretory systems

Excretion in platyhelminths
protonephridial system
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