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What’s in an Egg?
Introduction
You remember that in the last blog article we saw, in the warm swamps of the Carboniferous, the
transfer of Tetrapods to land. We considered the problems which befell them there and looked at
how some of these were overcome but at least one difficulty remained: sex and embryonic
development were only possible in a watery environment.
Credit: OlegTarabanov, Wikimedia

By the mid Carboniferous
amphibians had increased
their range and biodiversity,
some groups with scaly skin
(presumably resisting
desiccation as well as
carnivore attack) and size up
to 6m. The ecology of the
Carboniferous was well
developed, including
herbivorous types and
predators such as the 0.51.2m Ichthyostega, see left:

The close of the Carboniferous was characterised by linking of continents and global cooling
probably caused as a result of a drop in sea level and glaciation on land. A dryer climate led to a
collapse of the Carboniferous giant Lycopsid Forests (see images of fossil and artist’s interpretation
of Lycopsid forest below) and a decrease in the biodiversity of amphibians.
Left hand picture show an in situ Lycopsid with attached “Stigmarian” root system. Joggins
Formation (Pennsylvanian), Cumberland Basin, Nova Scotia. Note scale relevant to the hammer
shown in this shot
Credit: Michael C. Rygel – Wikipedia Commons

Drawing of whole plant –
original 30 metres in
height, the insert is of the
surface of the stem.
Credit: Eli Heimans (1861-1914),
Wikipedia Commons

What is “Stigmarian”? It
was thought to be a plant
species in its own right,
now accepted as just the
root of a Lycopsid plant. A bit of a come-down for the Stigmaria, too late to worry though!

Although we think of the Carboniferous as time of predominant swamp vegetation, there is reason
to be cautious in the wide application of this view since recent study of coal seams (of Carboniferous
age) show evidence of periodic fires. The research shows that wildfires occurred more frequently in
areas that were in the tropical regions, with a frequency of perhaps once every 3 years.
Credit: Stampfli & Borel 2000, Wikimedia.

One of the major achievements during the
Carboniferous, probably in response to a
drying environment, was the development of
the Amniotic egg, the major topic of this
article. The following Permian period was also
much drier than its predecessor, and a time
when land masses had coalesced into one
continent, today called Pangaea (also spelt as
“Pangea”), see map at left.
Fossils from a group of the amphibians, the
“Temnospondyla”, show major adaptations to
deal with this changing climate, some
developing horny armoured skin which caused
the earlier palaeontologists to classify them as
early reptiles. Even today these animals are
referred to as “Reptilomorpha” meaning
reptile shaped, here is a picture of Diadectes
phaseolinus, a representative of the group:
Credit: Ghedoghedo, Public Domain

O Tempora, O Mores! A new
fashion starts
Amphibians are inextricably linked
to water at some stage of life: the
possession of gills as premetamorphic young, the need for a
water environment for the transfer
of sperm in reproduction and a moist, gas permeable skin are all characteristics of their group. I’m
going to tackle the changes necessary for the new type of animal, an “Amniote”, enabling it to deal
with a drying environment; in passing it’s worth contemplating the significance of this event: all
reptiles (including birds and mammals) are amniotes. What about putting it this way: the
development of the amniote is the last major evolutionary jump, unless we develop AI and a
suitable biologically independent body to carry it.

Eggs


Amniotic (example: reptile, crocodile, diagrammatic)
Credit: Amelia P in Wikipedia Commons



1. eggshell
2. yolk sac
3. yolk
4. vessels
5. amnion
6. chorion

7. air space
8. allantois
9. albumin
10. amniotic sac
11. crocodile embryo
12. amniotic fluid

Anamniotic (example: amphibian, Common Frog, diagrammatic)
Credit: Separe3g: Wikimedia commons

1. Jelly
2. Vitelline membrane
3. Perivitelline fluid

4. Yolk plug
5. Embryo

As can be seen in the above diagram, the amphibian egg appears much simpler than that of the
crocodile. The new structures divert evolution. Welcome the Amniotic or “Cleidoic Egg”!
The development of 3 extra membranes in the eggs of amniotes has had profound effects on
evolution of the Tetrapods. It is important to our understanding of evolutionary biology to be able to
account for their origin in the early amniote eggs and to understand how, once developed, these new
membranes caused increased resilience of amniotes to environmental shock and distributive success.
As you know, I find small changes with big implications exciting. The tendency is to overstate their
importance, but here we may have stumbled upon a good candidate for “bigging-up”!
I have written before about mass extinction events (see Bioblog 16), avid readers may remember
that the mass extinction at the close of the Permian period (252Ma ago) was probably the most
severe for which we have records with sequential global cooling followed by global heating. Other
events which shook the tree occurred no doubt, but left records we have yet to find. Without the
development of these extra membranes it is probable that ancestors leading to reptiles, mammals and

birds would not have made it through the global heating crisis. Whether the remaining amphibians
would have evolved to later produce animals unattached to a water environment, able to invent art,
music and science is not clear, certainly evolution has not repeated the development of the amniotic
egg. Perhaps, leading as it has to sentient Humans, it was all a mistake and the world would have
been a happier place without amniotes, however we have to live with the world as it is, a re-run is not
a happy thought either!
The structures involved are:





The outer shell. Calcareous and brittle in Birds, leathery and less brittle in reptiles. It
protects the developing embryo and allows diffusion of CO 2 and O2
Albumin is a store of water and protein, while yolk provides energy rich fats for embryonic
development and growth
Extra-embryonic membranes, i.e. membranes which do not form part of the embryo and are
lost once the young animal leaves the egg:
o The Chorion. This is a permeable membrane which permits gaseous exchange
o The Amnion. This membrane surrounds and its amniotic fluid supports the embryo
and helps protect it from damage by mechanical shocks. This structure replaces the
watery environment necessary for embryos of anamniotes such as amphibians.
o Allantois. This membrane acts as a store for nitrogenous waste which increases
during embryonic development.
It doesn’t sound much until we recognise that these extra-embryonic membranes are
homologous structures, in this case directly evolving to the membranes of the mammalian
placenta.

Cladogram of the Amniotes

Here is a diagram showing a
traditional approach to the
classification of the amniotes.
I’m even represented by name!
Although it doesn’t show a
modern phylogenetic method,
ie it isn’t a cladogram, it is still
useful to us because we
recognise the animals shown
and their evolutionary
relationships are roughly those
we find in a modern cladogram.
Such a cladogram would be
based on current
understanding of phylogenetic
relationships, which is an
attempt to relate animals and
plants based on their inherited
DNA, not relying on the more
trivial approach of grouping
based on physical shape.
Of course using pylogenetic
methods is difficult when the
organisms concerned lived
300Ma ago and have no DNA
record left, but modern
Paleontologists are beginning to find ways of getting round this problem by looking at the DNA of
modern relatives of these ancient animals, notably using mitochondrial DNA which does not change
much over time compared to Nuclear DNA. This technique enables comparisons of DNA to be made
between distantly related modern animals, allowing judgements of closeness of Phylogenetic
relationship to be made, the closer the Mitochondrial DNA matches between species, the more
closely they are related. Tracing the modern animals ancestors through the fossil evidence then
gives some insight of the likely degree of relationship that existed between ancient ancestors of the
modern relatives.
UPDATE: using DNA to trace past relationships
The March 2019 issue of The Scientific American magazine carries an article on control of
transcription of DNA, a subject that also appeared in Bioblog 11. The author refers to recent
work in his lab on folding of nuclear DNA and how this is used in the cell to control which gene
is read to make a particular protein. It turns out that the method of folding and sites controlling
the folding appear to be identical in mice and human cells. The common ancestor between the
mouse and the human must have been on the Earth about 60Ma ago so we could say the
author’s team has established a Phylogenetic relationship between the Mouse and the Human
which stretches back 60Ma and includes all of the ancestors in between. I intend to write more
both about the methods used in this work and it’s possible paleolontological use. Now back to
the issue we were discussing.

The next diagram represents an attempt to show phylogenetic relationships amongst the amniotes,
that is, a cladogram:

Notice that most of these taxa
(groups) have become extinct
except for the Synapsida
(leading to Mammals) and the
surviving Diapsida leading to
Dinosaurs and the modern
reptiles and birds.

Why the green area? Well
that’s an important question.
The green area highlights
those animals that we normally
associate with being defined
as Reptiles. However, since
this is a Cladogram and we
are following Phylogenetic
rules which state that that we
must include ALL of the related descendents. This means that our green area should include
Synapsida (and their descendents (which include ALL mammals) and also Aves (that is ALL birds).
In this diagram you can see the uneasy meeting between traditional classical and modern
phylogenetic taxonamy. If you consider the classic group “Reptiles” then you may mistake it as a
Clade; that is a phylogenetically related group of organisms, but look at the diagram, you have not
incuded all of the descendants. The traditional term “Reptile” refers to a Paraphyletic group, not a
Clade. This is the because, using the “traditional meaning” you will not include the significant “Out
Groups”, Mammals and Birds (and of course all of the descendants from the first Amniote (the
“common ancestor”). Make sure you understand what I mean!

Cladistics are not as complex as it may seem providing you follow the rules:



All organisms in a Clade are related phylogenetically. An alternative way of saying this is that
all organisms in a Clade are linked by evolution.
All organisms in a Clade share the most recent Common Ancestor. Another way of looking at
this is that a Clade must include All Descendants of the common ancestor (your historical
starting point)

What evidence do we have of this “Most Recent Common Ancestor” of all amniotes, reptile, bird and
mammal?
The answer is “not much”, and what there is is confusing! The reason is twofold: early amniote
fossils that have been found are small and probably have not commonly fossilised, secondly early
amniotes split into at least 2 clades relatively quickly. These clades were Synapsida (leading to the
Mammals as mentioned above) and the remaining group. This latter group also split, but the
relationships between the fossils from this time is still contentious; it contains the Diapsids (leading to
the Reptiles and Birds) and two more groups which are very hard to classify, the Turtles (including
Tortoises) and the Parareptilia who I’m going to ignore.

Credit: Nobu Tamura, Creative Commons, Wikipedia

The picture to the left is an
artist’s reconsruction of fossil
material of one of the very
early amniotes, Hylonomus
lyelli, (see cladogram below).
The fossil dates from rocks of
late Carboniferous age
(about 312Ma ago) in Nova
Scotia, Canada.

In the next article I hope to show how the amniotes split into two major groups and the effect this had
carried into modern day. For fun I’ll show how to find which group you belong to, just in case you
need to check! In the mean time here is a cladogram which serves to link the groups mentioned in
this article and also the next.

Synapsida

Amniota

Eureptilia
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Hylonomus
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Archosaurs

Dinosaurs Crocodiles Birds
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Turtles Tortoises

The position of Turtles and Tortoises in the cladogram is heavily debated. Red type=Extinct.

By Sphenodon.
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Some questions that you might like:


List the evidence that we have that birds are amniotes



Find out: what is unusual about Monotremes? Why should we regard them as amniotes and
would you expect them to be synapsid or diapsid? What characteristic do you rely upon to
make the distinction? Would you still be able to make a decision if you only had the skin and
no skeleton?



Write a bullet point list showing how you could attempt to make a phylogenetic link between
two animals only known as fossils.



In the Cladogram below identify:
o

A Clade

o

A Paraphyletic group and its Outgroup

o

A Polyphyletic group (that is a group with more than one most recent ancestor and
therefore not a clade).

Credit: Petter Bøckman, Wikimedia Commons

