
  It was a great privilege for the 
speaker	 to	finally	 to	be	presenting	
to the GA as he has been a proud 
member for a long time. He was 
very happy to be standing in front 
of us to explain the research on 
starfish	 that	he	has	done	over	 the	
past	10	years	or	more.	Starfish	are	
a special animal because they have 
been with us for a long time, 480 
MY and we would recognize them if 
we went back in time-machine. You 
could	 say	 starfish	 was	 one	 of	 the	
first	modern	animals	to	appear	in	the	fossil	record.
		The	conundrum	he	set	about	to	solve	was	how	did	starfish	
evolve? What makes them special? What makes them almost 
alien, because we look for aliens in outer space, but we have 
some very interesting looking invertebrates on our own planet. 
Starfish	are	a	key	animal	that	inhabit	the	reefs,	in	fact	if	an	
alien spaceship did visit us and surveyed the marine realm, 
they	would	 conclude	 that	 starfish	 are	 one	 of	 the	major	 life	
forms on Earth. They inhabit a huge area of the deep oceans, 
reefs, lagoons and are a very versatile organism.
	 	 Asterozoa	 is	 the	 blanket	 term,	 the	 scientific	 term	 for	
starfish	or	sea	stars,	the	Asteroids	and	also	their	cousins	the	
Ophiuroids, which are rather like a disc with a series of arms 
coming out. They are family. We are part of a special group of 
organisms, the Deuterostomes, which means something that 
has a head and an anus and so are the Asterozoans. This 
means they are as complex as we are, they have organs, a 
blood system, a type of brain --> a nervous ring on the inside. 
Then they turned on their side and grew into this strange 
shape: this is what makes Echinoderms look alien. The name 
means ‘spiny skinned‘, although most don’t have this. They 
are	more	 typified	by	five-fold	or	pentaradial	 symmetry.	But	
what make them very strange is having an internal stereom 
skeleton. A calcite skeleton, but with living tissue both within 
and over the top of the calcite plates, so a full body armour. It 
tends to follow a single crystallographic orientation, and grows 
in a kind of a mesh, held together by a series of ligaments, so 
they have an extremely annoying fossil record as they tend 
to fall apart.
  Echinoderms don’t have a series of limbs, what they do 
is move around using things called tube feet. These come 
out through the skin. The group has enormous diversity, 
and this has come about by how they have grown. Another 
animal the speaker works on is the sea lily or crinoid and this 
is	pretty	much	a	starfish	on	a	stick.	What	 they	have	 is	 the	
ossicles of the stem with a holdfast underneath. To turn this 
into	a	starfish	what	you	do	is	flip	it	upside	down.	Then	have	
a groove where all the tube feet are lined up and a central 
mouth where most of the prey is sucked in. Most Echinoderms 
are	carnivorous,	as	are	Asterozoans.	To	eat,	starfish	lift	their	
stomach out and suck. 
  But what make Echinoderms really special is their water 

vascular system. We have an 
enclosed circulatory system, blood, 
which works best if kept within our 
body, preferably under pressure. 
Echinoderms keep pressure with 
the rest of the sea water, so it is in 
equilibrium with sea water and they 
use sea water to take their nutrients 
around their body. They can survive 
in various salinities, however, if 
they	find	themselves	in	fresh	water	
they hibernate until the salinity 
increases.

So far, the talk has looked at the general groups that are alive 
today in our oceans. This is the modern-day story through 
work that has been done using genetics. In fact, the genome 
of	the	starfish	is	currently	being	sequenced.	So,	we	have	the	
genetics and know roughly the relationships between them: 
although there are two rival hypotheses. However, this talk is 
not really concerned with these recent animals, so we then 
went back in time to look at the ancient Palaeozoic ones (>400 
MY). The only problem is it’s an absolute mess, because there 
are not just the groups already mentioned, there are loads of 
Echinoderms. In fact, you have all sorts of very weird things, 
Stylophorans, Ophiocistioids and Eocrinoids. These lived 
alongside the groups we recognize today. 
  There are two interesting periods of time, the Cambrian 
period when there was an explosion of diversity of life with all 
sorts	of	unusual	looking	Echinoderms	that	don’t	have	five-fold	
symmetry e.g. a stalk with a helical coil going through. These 
are	the	kind	of	things	that	are	the	ancestors	of	starfish.	There	
is a hypothesis about how pentaradial symmetry involved: 
a long worm-like animal turning on its side and then being 
pinched	out	five	ways,	but	not	everyone	agrees	with	it.	But	not	
all	starfish	are	pentaradial,	there	are	some	that	have	twelve	
or nine arms and symmetry can change in a generation. So, 
there is something in the body-plan than can deviate from 
the norm. 
  The story starts with Edrioasteroids, which is dome shaped 
with tube feet. A simple basic Echinoderm with the appearance 
of a pentaradial body plan. But then they start to change due 
to competition. Blastozoa and their relatives, grew a stem, 
feeding appendages and things call brakeals in order to catch 
food,	as	they	were	all	filter	feeders.	Then	they	go	crazy	and	
develop much more complex arms, so start looking more 
crinoid-like. 
  How does this lead to the Asterozoans? Have to get from 
the complex Cambrian forms to the more basic forms we 
know today. The main problem in the fossil record is that 
there are more types and two rival hypotheses. One thinks 
Ophiuroideans, Echinoids and Holothuroideans are part of 
one group and Asteroids are on the outside, the other says 
Ophiuroideans and Asteroids are sister groups as are the 
Echinoids and Holothuroideans and the Crinoids are on the 
outside. However, when people have tried to create a
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family tree it has become really confusing. Which characteristic 
came	first?	Because	we	don’t	know	what	the	most	primitive	
characteristic they developed is and what the most derived 
one is. Also, not only are there Asteroids and Ophiuroids there 
are also Somasteroids and Stenasteroids. To make it easier 
for us the speaker had colour-coded the four groups to show 
us how the skeleton had evolved.
  Modern Asteroids have marginals, thick side plates and the 
ambulacral grove on the underside of the animal where tube 
feet stick up. You can see the same with the Ophiuroids. But 
in the past the other groups had extra plates in-between. The 
speaker then looked at how these reduced down and formed 
the body plan we have today. Using embryology and the 
extraxial theory (EAT) researchers came up with a road plan: 
so, by separating out and coding the different parts of the 
body then putting them back together they could work out 
which	character	came	first	and	which	last.	They	then	labelled	
up all the different parts of the different echinoderms, so 
now knew what an arm is in each one. The two parts of the 
skeleton could then be divided up and they could work out 
how they grew. 
  They grow away from a terminal plate, so the growth is from the 
tip of its arm towards its mouth. So, the order of development 
is now known. The 
ambulacra is the 
oldest part, the 
struts or virgals came 
next	 and	 finally	 the	
adambulacra either 
side. So how do you 
turn a Somasteroid, 
the most primitive 
form into something 
less primitive?  You 
shorten the virgals 
until they disappear 
and that creates 
the Stenasteroids, 
continue and you get 
an Ophiuroid, add 
more	plates	and	you	get	an	Asteroid.	 Just	need	 to	find	 the	
fossil evidence.
In Morocco there are two excellent fossil beds, the Fezouata 
biota is famous for its Arthropods, but the fossil the speaker 
was interested in from these beds was a ‘bat star’. It has 
spokes and then has a skin which stretches over them rather 
like a bat’s wing. This is the earliest Asterozoan, and the 
grandparent of all four groups, because it lacks everything. 
It is missing the top surface of the plates and the marginal 
plates. So now have a model for working out how echinoderms 
relate to each other and can come up with a family tree.
  The fossils from the Montagne Noire, France tell the next 
part of the story. This region was right down near the North 
Pole and during this period the very unusual Somasteroid 
turns into the modern-day Ophiuroids and Asteroids. In 
the St Chinian, the lower part of the Ordovician we see 
Somasteroid world. It is when you move into the upper part of 
the Ordovician that you start to see rapid evolution, Pradsura 
jakobi and proto-ophiuroids Eophiura and also Asteroids in 
the Landeyran formation later on. It is deletion of plates 
that turns a Somasteroid into an Ophiuroid, creating a much 
simpler body-plan.
What happened next? In the Darriwillian there was a change 
in	the	Earth’s	climate	that	 led	to	the	great	biodiversification	

event. The speaker had got together with around 25 other 
scientists and is producing a special publication with the 
Geological Society of London (SP485) on the fossils from 
the	Tafilat	Biota,	Morocco	from	this	period.	It	will	document	
what was going on with echinoderm meadows and should 
be published the middle of 2020. There are a whole series 
of deposits the El Caid Rami beds (ECR), which showed a 
series of animals changing through time. There are a series 
of echinoderm beds from different regions, so they were able 
to look at real-time ecology in the late Ordovician. Some of 
them have similarity to well-known areas, but others don’t, 
and this shows the power of evolution at this time as you can’t 
find	the	nearest	relatives	to	these	forms	anywhere.	They	have	
evolved	in	situ	e.g.	an	unusual	little	starfish,	then	in	the	next	
assemblage weirder looking Ophiuroids with central discs and 
stubby arms. In each bed there is a different community. There 
are	well	 over	 12	 different	 species	 described	 in	 this	 starfish	
bed. In amongst them are other organisms that don’t exist 
anymore. Then in ECR-F6 suddenly the Asterozoans come in. 
  The speaker has not only looked at the story in Morocco but 
has gone through time. Still investigating what happened in 
the Silurian. After that we then see a different migration, we 
see animals appearing in the tropics and the more primitive 

animals migrating 
away, moving 
towards the poles. 
Morphology of a fossil 
Protaster asterozoan, 
found in the Fox 
Bay Formation, 
Lower Devonian, 
East Falkland is 
the same as found 
in the Middle/Late 
Ordovician and later, 
so that body-plan 
worked all the way 
up until the Devonian 
and even later. In the 
Southern Carnarvon 

Basin, Western Australia really big Ophiuroids survive until 
the mid-Permian. They are a snapshot of a lost world as 
they are the last Ophiuroid from the original early Ordovician 
forms. The modern type Ophiuroids and archaic ones are 
living together in the polar regions in the Ordovician, then in 
the Permian there is a separation and then the archaic ones 
disappear. 
		It	is	very	rare	to	find	a	whole	Ophiuroid	in	the	fossil	record.	
But	you	can	use	fragments	if	you	can	find	them,	to	reconstruct	
them and then work them out. That is what they are doing in 
the Silurian to work out what happened in the gap in those 
stories.
		In	conclusion,	starfish	and	brittle	stars	are	complex	animals	
but we are now close to unlocking how they evolved from 
a common ancestor. They appeared rapidly during the Great 
Ordovician	 Biodiversification	 and	 these	 forms	 survived	
relatively unchanged for a further 200 MY until the Permian.

    
    By Lesley Exton
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