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INTRODUCTION 

THE ASTEROIDEA 

 Starfishes, or sea stars, are members of the Class Asteroidea in the Phylum 
Echinodermata or spiny-skinned animals, referring to the skeletal plates that supports the 
body, with a covering of spines in some. Other Classes contain the Brittle stars, Feather stars, 
Sea Urchins and Sea Cumbers. They show radial symmetry—having a five-rayed star shape, 
hence the name, although some may have more than five arms. 

General structure The asteroid body consists of a central disc containing the mouth 
in the middle on the undersurface and anus in the centre of the upper. The arms project 
laterally, the boundary between disc and arms not always clear, the outline being pentagonal 
in some species. Most species possess five arms, some more, in extreme cases like in the 
crown-of-thorns starfish twenty or more, the number increasing with age. The main part of 
the gut, the stomach, is situated in the disc, the central hub, with canals extending into each 
arm that radiate from it. Other important systems are also situated in the disc, radiating 
down the arms. On the under, or oral, side of the arms runs the ambulacral groove, from the 
depths of which arise the tube-feet (see below). In scientific literature the arms are referred 
to as ‘rays’, the oral surface as the ‘actinal surface’ and the upper (or aboral) surface as the 
‘abactinal surface’. 

 Asteroids have a skeleton of internal plates, either tightly packed and forming a rigid 
skeleton or loosely arranged with spaces in between. Radiating out along each arm, starting 
from a ring around the mouth, are two columns of plates on the oral side of the arm called 
ambulacral plates and on each side a single column of adambulacral plates, forming the 
boundaries of the ambulacral groove (see below). The tube-feet protrude between the 
ambulacral and adambulacral plates, the former not bearing spines and the latter bearing 
strong spines (furrow spines) that can touch the substratum or bend inwards protecting the 
ambulacral groove. Lateral to the adambulacrals come the plates forming the sides of the 
arm: the superior and inferior marginal plates. The dorso-lateral plates go up the sides of the 
arm to the carinal plates that form the midline of the aboral surface. Carinals are absent in 
some species.  

Respiration   Oxygen exchange, between seawater and the starfish body fluids, 
takes place through the walls of extended tube-feet (see below) and through special ‘blisters’ 
of tissue 
called 
papules 
that balloon 
through 

 

 

 

 

 

 

 

Starfish vary in shape according to the arm width and length in relation to 
the disc diameter. The shape of the arm also matters, such as near 
cylindrical or triangular, smooth or bearing spines projecting sideways, the 
number of arms, or if greatly reduced. 
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pores between plates. Papules may be spread over the body more or less uniformly or confined to pore areas 
(Images this page). 

Feeding   Starfishes have no jaws. The mouth opening leads through 
a short gut into a lax stomach. From the upper portion of the stomach arise canals 
that radiate down each arm. There are two canals for each arm, each with numerous 
saccules. These are used for continued digestion and absorption. Initial digestion 
commences in the stomach, into which small prey—such as a gastropod shell—may 
be taken in. If the prey is too large to be ingested—such as a large attached bivalve 
or coral—the stomach is everted to cover the prey for digestion to take place. In the 
case of attached bivalves the starfish uses its tube-feet covered arms to clasp the 
valves of the shell and exert pressure till the valves gape enough to enable the 
stomach to be inserted and digestive enzymes to be secreted to start the digestive 
process. 

The water vascular system 

   A characteristic of the phylum, besides the presence of 
skeletal plates, is the water vascular system and associated tube-feet. The water 

vascular system is a hydraulic system that uses fluid 
pressure to control 
the tube-feet. These, 
equipped with 
sucker-like discs at 
the end, enable the 
animal to cling to hard surfaces and are used for 
locomotion. Burrowing species have tube-feet 
with rounded ends and no discs. The water-
vascular system connects with the exterior 

through pores in a specialised plate called the madreporite that is situated in the disc. There may be one or two 
madreporites depending on the species, sometimes difficult to identify. The image at left shows the madreporite 
of Pentaceraster affinis surrounded by pore areas (white spotted with yellow, the pores black), granule-covered 
plates and knobs. This system can adjust the pressure of the fluid within, and aided by appropriately placed 
muscles, extend or withdraw the tube-feet and manipulate them for locomotion. Gas exchange also occurs 
through the tube-feet. 

Spines and Pedicellariae Starfishes, 
brittle stars and sea urchins possess 
spines. These may be small and 
insignificant, stout and pointed 
(Protoreaster), rounded into knobs 
(Pentaceraster) or long, sharp and poisonous (Acanthaster) as shown in the images.  

Papules of Echinaster 
purpureus are scattered 
over the upper surface. 

Pore areas of Linckia 
guildingi are the dark 
circular spots. 

Tube-feet 
Madreporite 
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  Animals with solid surfaces like starfishes are liable to have planktonic larvae of other species settling 
on them. Pedicellariae (singular pedicellaria) are specialised structures that are scattered in between the plates 
designed to keep the host free of such uninvited guests. They are of various designs, stalked or not. The simplest 
are the valvate type, consisting of two elements that form a clasper. They may be large or small. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ambulacra  The left-hand image above shows a portion of an ambulacrum on the oral side of 
Protoreaster with its protective subambulacral spines that are attached on the adambulacral plates. In 
Pentaceraster gracilis (below) the subambulacral spines are smaller. 

 

 

 

 

 

 

 

 

Goniodiscaster vallei. Small 
valvate pedicellariae scattered 
amongst the granules covering 
the plates on the underside. 

Protoreaster lincki. Large and small 
valvate pedicellariae scattered 
amongst the granules covering the 
plates on the underside adjacent to 
the ambulacrum. 

Furrrow spines in fans of 7 

Two rows of subambulacral spines 
in twos with a pair of small spines 
tucked in a corner between the 
larger ones. 

Inferior marginal plate 

Superior marginal plate 

An ambulacrum of 
Pentaceraster gracilis 
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DESCRIPTIVE TERMS ILLUSTRATED 

 

 

  

‘R’ = Arm length from centre to tip   

‘r’ = Distance from 
centre to interradius 

‘br’ = Width of an arm 
at base 

Carinal spines along 
mid-line of arm 

Pore areas are the 
pink patches, granule 
covered plates are the 
dark areas 

Apical spine, the first of 
the carinal series, on 
the abactinal surface 

Pentaceraster affinis drawings 

a. Actinal granules adjacent to ambulacrum, including valvate 
pedicellariae. 
b. A dorso-lateral tubercle (spine) with adjacent granules and 
pores. 
c. Apex of an apical tubercle (spine). 
d. (From below upwards) Inferior and superior marginals and 
adjacent pore area. The fine dots are granules. 

Highly magnified to different scales 

Burrowing starfish have ‘paxillae’ covering 
the surface: spines topped with plates on 
which are vertical spinelets. Those of Luidia 
in lateral view (left) and surface view (right) 
at right. 
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