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GY 112 Lecture Notes 
Evolution of the Vertebrates 

 
Lecture Goals: 
A) Fish to Amphibians  
B) Amphibians to Reptiles 
C) Reptiles to Mammals 
 

Textbook reference: Levin 7th edition (2003) Chapters 10, 11, 14;   
Levin 8th edition (2006) Chapters 12, 13, 16 

 
A) Fish to Amphibians 
Before we get started on the evolution of the vertebrates, it’s perhaps best to restate how 
the vertebrates are classified. The vertebrates are a subphylum (vertebrata) of the 
phylum chordate. The chordates are a large group of animals that are bilaterally 
symmetrical and which possess a notochord with a hollow neural tubeway. The 
vertebrates are animals that possess a backbone complete with vertebrae (hence the 
taxonometric classification), a well-defined head and sense organs. The vertebrates 
include fish, amphibians, reptiles and mammals. They also include you and me. 
 
The first chordates probably evolved before the Cambrian explosion. Indeed, there is the 
possibility that some of the Ediacaran beasties were chordates without hard 
notochords/backbones (see a previous web lecture about these curious beasties). The first 
true vertebrates were the fish and as stated in an earlier web lecture, these animals first 
appeared in the Cambrian. They exploded in terms of diversity in the Devonian (5 
distinct fish classes developed). This is the point where today’s lecture will begin. 
 

Basic vertebrate evolution 
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The first appearance of the amphibians 
was a major evolutionary event that 
occurred in the Devonian. Why this 
occurred is really simple to envision. 
Terrestrial environments were becoming 
increasing attractive places to live. There 
were plenty of yummy plants and 
insects, and water was abundant all 
across the continents. Don’t forget that 
the Devonian, Mississippian and 
especially the Pennsylvanian periods 
were swamp-rich intervals of time. 
There were no animals on land at this 
time. Picture yourself a Devonian-aged 
fish living in a very hostile ocean -- there 
are evil BIG things all trying to eat you 
before you eat them. The land was 
largely free of anything that would eat 
you, but there was plenty of food for you 
to eat, that is if you could handle plants 
and insects. The reason that amphibians 

arose in the Devonian is because the environment had changed enough to promote 
evolution, or if you prefer a bad cliché from a semi-bad movie, “if you build it, they will 
come.”  
 
How the amphibians first evolved is a bit more speculative, but unlike some of the 
evolutionary steps that we have previously considered in this class (e.g., the arise of the 
ediacarans, or the Cambrian explosion) there is a lot of evidence suggesting that 
amphibians evolved from one group of the fish, specifically species assigned to the class 
Osteichthyes. As I’m sure everyone remembers (ha!), the Osteichthyes are the bony fish 
and dominate today’s oceans and freshwater bodies. These fish are sub-classified 
according to a lot of morphological criteria, including the nature of the fins. Some boney 
fish have relatively flexible fins that lack muscles and segmented bone supports. These 
are the ray-fin fish and they include most of the fish that you and I are familiar with such 
as my late goldfish Chowder. A second group of boney fish have a much more muscular 
segmented bone support network within their fines. These lobe-fin fish might have 
lacked some mobility and the ability to quickly change swimming directions, but these 
fins were much stronger and would have been capable of supporting the beasties weight. 
Lobe-fin fish could crawl along the sea floor as well as swim. Would this have been an 
evolutionary advance? Yes, if you happened to be a bottom feeder. 
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There is one other difference 
between ray-fin and lobe-fined 
Osteichthyes. The latter possessed a 
pair of nostrils that allowed air to be 
drawn into the mouth of the fish. In 
the Devonian, many fish had lungs 
as well as gills so it is believed that 
some lobe-fin fish could stick their 
“noses” into the air for a breathe of 
fresh air before they dove back 
underwater. One group of these 
Devonian fish eventually evolved 
into curious animals that we today 
call lungfish. They are capable of 
switching their mode of breathing 

from gills to lungs depending upon how much water happens to be around. Australian 
lungfish have a big advantage over other fish in the outback when draughts occur and the 
lakes evaporate. They can hid in the mud until it rains again and then switch back to gill-
breathing. Incidentally, this group of lobe-fin fish are called dipnoans which literally 
translates as “double breathers.”  
 
Another group of Devonian lobe-fin fish (Crossopterygians) eventually evolved into 
what we now call the amphibians (class: Amphibia). By the way, most text books, which 
are really loaded with taxonometric jargon in places, calls the amphibians non-amniotic 
tetrapods because they laid “naked” eggs (see next paragraph) and had 4 legs. The 
Crossopterygians also include the enigmatic coelacanth fishes which some have called 
living fossils. They were once thought to have gone extinct in the Mesozoic, but we now 
know that they inhabit deep water environments between Madagascar and Indonesia, 
possibly living in submarine caves. 
 
 
 
 
                                                                        A rather fine sketch of a coelacanth from  
                                                                                     http://www.elasmo-research.org/education 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: 
http://www.emc.maricopa.edu/faculty/farabee/BIOBK 
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In May 2006, an incredible discover 
was made in arctic Canada that more 
or less nailed the lid on the coffin as 
far as the link between fish and 
tetrapods were concerned. A team of 
paleontologists from the University 
of Chicago, Harvard and The 
Academy of Natural Sciences of 
Philadelphia found a “missing link” 
beastie which they eventually named 
Tiktaalik roseae in rocks of 
Devonian age on Ellesmere Island. 
An image from their website 
(http://tiktaalik.uchicago.edu) of the 

fossil beastie is shown to the left. Note that the head is flattened and that there is a neck, 
both of which are characteristics of tetrapods that occur in slightly later rocks. The 
“linking” attribute is that this Tikaalik still had fins and scales. The diagram below (from 
the same webpage) nicely fits Tikaalik into the gap between tetrapod and fish. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
So, the amphibians appear to have been descendants of a group of lobe-fin boney fish that 
decided to move into the terrestrial suburbs of the Devonian world. Their mode of 
propagation was exactly the same as the fish that they evolved from; sexual reproduction 
using eggs from females and sperm from males. Like their fish ancestors, their eggs were 
non-amniotic or “naked”, that is, they lacked a shell. In order to be fertilized and for the 
embryos to develop, the eggs had to remain wet. No problem if you are an amphibian 
living in a water saturated swamp-rich Pennsylvanian-aged rain forest. Those were the 
good times if you were an amphibian, but they were not doing to last for ever. In fact, 
things were soon going to get really, really bad if you relied on water for reproduction.  
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Before we leave the amphibians, we should 
mention that there are still plenty of living 
members of this class of vertebrate. They 
include frogs and salamanders, both of which 
are becoming increasing threatened due to 
environmental contamination. The reason has 
to do with one other characteristic of the 
amphibians. They generally have thin porous 
skin that allows contaminants in the water to 
pass directly into their tissue. Birth defects 
and infertility are increasingly common in the 
amphibian world and extinction is a very real 
possibility. The advantages that the 
amphibians first had when they stepped 
ashore in the Devonian did not last long. 
Continued ecological change was about to 
drive further evolution. 
 
 

B) Amphibians to Reptiles 
The arrival of the first amphibians into terrestrial environments was a major evolutionary 
event. Almost immediately, amphibians began to evolve into specialized individuals. 
Some were plant-eaters while others were meat eaters. All needed water to reproduce. 
This was going to be a significant problem beginning in the Permian and culminating in 
the Triassic because of the assembly of Pangaea. This supercontinent that formed from 
the collision of Laurentia, Gondwanna, Baltica, Siberia and other cratonic fragments 
produced a huge and generally arid landmass. Not good if you are a beastie that required 
water to survive and to reproduce. What was needed were mechanisms to protect both the 
animal and the egg from dehydration. In the case of the egg, the evolutionary change was 
the addition of a shell that would keep the embryo wet and protected while permitting gas 
exchange with the atmosphere (oxygen gets in, waste gases get out). These amniotic 
eggs allowed some tetrapods to take their water with them. While this was going on 

changes in skull structures and in 
epidermal composition (e.g., skin/scales) 
were also occurring eventually leading to 
a new class of vertebrates, the reptiles 
(class: Reptilia).  
 
The first reptiles appeared a relatively 
short time after the first amphibians, a 
mere 22 million years later in the 
Mississippian. The first known reptile 
was a puny beastie about 20 cm long 
called Westothiana sp. From here on 
however, the size of reptiles became 
bigger and bigger. This is a common  

Amniotic egg 
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evolutionary change. The bigger you are, the better you can defend yourself and the more 
attractive you are to members of the opposite sex. All those jocks that spend hours 
pumping iron in gyms are just doing what vertebrates have been doing for millions of 
years; competing for the attention. Size matters and because of this, animals tend to get 
bigger over time. In the Mesozoic, reptiles got huge and ultimately, they came to 
dominate every niche on the planet. No other group of animals has come close to this 
magnitude of domination. Reptiles dominated the land, dominated much of the water 
(sharks which are fish and not reptiles were also major predators) and some, even 
dominated the airways. And they did this for almost 200 million years.  
 
So what happened? The first reptiles (called stem reptiles as all other reptiles branch off 
from them) had a major evolutionary advantage to the other land-dwelling vertebrates 
(amphibians) because they laid amniotic eggs. During the Permian and into the Triassic, 
they began to radiate and replace the amphibians. Three main groups of these 
BEASTIES1 are now identified: 
 

1) Quadrapeds with fins  
 
 
 
2) Quadrapeds without fins 
 
 
 
3) Bipeds 

 
 
 
The reasons for these names should be self-explanatory. Quadrapeds had four legs. 
Bipeds had two main legs and two smaller limbs that served as arms, but in some cases, 
the arms were pretty useless.  
 
Now for some more of the 
problematic nomenclature that 
permeates the taxonomy of the 
vertebrates (especially the reptiles). 
Bipedal reptiles include a group of 
that evolved tooth-in-socket jaws. 
These thecodonts would eventually 
produce reptiles like the crocodiles 
(in fact we refer to thecodont teeth 
as crocodile teeth). Quadrapeds 
without fins are usually called 

                                                           
1 As you know, Dr. Haywick refers to all living things as beasties. In the past, most of the beasties that we 
discussed were quite small (e.g., bivalves, foraminifera etc). In recognition of the size of the Mesozoic 
reptiles (which include dinosaurs), they will henceforth be called BEASTIES. 
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therapsids and they are really quite interesting in the grand scheme of things because 
they were relatively advanced. Some say that they were mammal-like reptiles and indeed, 
they are likely candidates for the stem mammal. Fins are believed to have played a roll 
in heat regulation. Reptiles today are all cold-blooded animals and mobility is greatly 
affected by temperature. If it is a cool morning, reptiles like snakes need to warm up to 
get the blood flowing. So the lack of fins in the therapsids leads one to suspect that this 
group of BEASTIES might have been warm-blooded. This is not a new idea. 
Paleontologists have long questioned the 
design of some of the great reptiles and 
dinosaurs. Some pterosaurs (flying 
reptiles; image to right from 
http://www.nationalgeographic.com) did not 
appear to have legs capable of supporting 
a walking animal. They were too far from 
the BEASTIES’ center of gravity. They 
might have been used instead to hang 
from the bottoms of large trees or rock 
outcroppings along cliffs. It is tempting 
to envision these BEASTIES as “bats”, 
albeit with wingspans up to 12 m wide! Perhaps they dropped from these lofty perches to 
skim over ocean water scooping up the occasional fish or ammonite as they went. It 
would really help them to glide/fly if they were warm blooded. It is important to note that 
pterosaurs were neither bats (which are mammals) nor birds. They were a now extinct 
class of reptiles. Officially, the pterosaurs along with crocodiles and the dinosaurs 
comprise the Archosaurian clade2 of reptiles. The stem Archaosaur was a thecodont. 
Archosaurs translates literally as “ruling lizards” and recognizes that these were among 
the largest and quite probably the most dangerous animals ever to have inhabited the 
Earth. Bone structure is the unifying criteria for these particular reptiles. 
 
The term dinosaur literally translates as “terrible lizards” and that they were. But size 
alone does not distinguish this group of BEASTIES. Bone structure and posture 
distinguish the dinosaurs. They were the first vertebrates to establish a fully upright 
posture (see the next diagram). Their pelvis bones also became more specialized and for 
the first time, we start to see hip bone structures that would later come to characterize the 
birds. Dinosaurs are classified into many groups. Saurishians are characterized by tri-
radial reptilian-hipped pelvises. Further classification is done on the basis of diet.  
 

                                                           
2 clade n. a hypothetical species of animal and all its descendants; a monophyletic taxon. Clades should not 
be mistaken for actual "family trees" as clades are hypothetical groupings whereas "family trees" are real 
groupings. Clades encompass Linnean rankings such as Class, Order, etc. An animal is a member of every 
clade that its ancestors are, thus making a bird a reptile (it is descended from a member of class Reptilia) 
and a human a mammal (it is descended from a member of class Mammalia). Clades carry both a 
definition, based on ancestry, and a diagnosis, based on synapomorphies. For example, the node-based 
clade Dinosauria is defined as the most recent common ancestor of "birds" and Triceratops (Holtz and 
Padian 1995) and all its descendants, and diagnosed by at least three sacral vertebrae, a partially to fully 
open acetabulum, and other synapomorphies. It should be noted that diagnoses of clades can change while 
definitions do not.  (Source: http://www.dinosauria.com/dml/dmlf.htm) 
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Sauropods were herbivores (plant eaters) and Theropods were carnivores (meat eaters). 
Another large group of dinosaurs were the Ornithischians. Their pelvis structure is 
classified as bird-like. Man, you could go on forever with this. There are duck billed 
dinosaurs and triceratopians (true dinosaurs) as well as the great swimming reptiles (not 
true dinosaurs) like the plesiosaurs, mosasaurs and ichthyosaurs. Five year olds know 
all this classification stuff, but in GY 112, you don’t have too. 
 
Bone structure is also well beyond 
the scope of this class and I’d 
prefer that students not bog 
themselves down in the 
terminology associated with this 
aspect of paleontology. If 
however, you want to be a 
dinosaur paleontologist, which is 
the geology equivalent of a 
dolphin biologist3, then get used 
to the terminology. The hip bone 
connects to the thigh bone….. 
 
Well there is just one more thing to consider before we leave reptilian evolution. As is 
now well known, the birds (class: Aves) are descendants of reptiles. They branched off 
from the stem Archaosaur in the Jurassic or possibly the Triassic, well before crocodiles 
or dinosaurs had appeared on the scene. The first “bird” is thought to have been a 
feathered Thecodont known as Archaeopteryx sp. The first find of this beastie (it’s 
relatively small) was in Germany and showed an animal with crocodilian teeth, reptilian 
limbs and tail, and bird-like feathered wings and a wish bone. True bird bones are hollow, 
but I’m not sure if this was the case with the Archaeopteryx fossil that was found. In the 
last year or so, some have come to question the legitimacy of this early bird. Detailed 
examination has shown that the reptilian skeleton and the feathered wings are in slightly 
different layers of the sedimentary rock that contains them. Some have suggested that two 
fossils, one a reptile, the other a bird, have been superimposed. If there were only one 
Archaeopteryx fossil, I might accept this, but last I heard, there were at least 7. I think 
this is the earliest bird and I think there is little doubt that we have an excellent link 
between the birds of today and the dinosaurs of yesterday. There is admittedly, a lot of 
speculation about some aspects of evolution in the rock record, but the links between fish, 
amphibians, reptiles, birds and dinosaurs are very firmly established. So too are the links 
between the reptiles and the mammals. That’s the last subject for today’s lecture. 
 

                                                           
3  Everyone wants to do these jobs but there are like 3 positions in the entire world that will pay you to do 
it. Moral of the story: play with dinosaur bones on your vacations, but get a real job like petroleum geology 
or environmental geology that pays you enough to go places where you can find dinosaurs to play with. 

 
 

A fossil ichthyosaur. 
Source: www.lemanlake.com/photos/biotype/phylo 
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Family tree of the reptiles-birds-mammals 
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The 7 Archaeopteryx fossils found as of 1997. (From Chatterjee, S, 1997. The Rise of Birds. John 
Hopkins University Press. Baltimore).   
 
C) Reptiles to Mammals 
As we have, or will soon discuss, the end of the Cretaceous came about with a big bang, 
literally. A large bolide impacted the Earth on what is today the Yucatan Peninsula near 
Chicxulub Mexico. This coupled with an already stressful environment was too much for 
many animals to deal with resulting in the third greatest extinction in Earth history. The 
K-T boundary marks the end of the Mesozoic era and the start of the Cenozoic era. It 
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marks the end of the dinosaurs, the 
plesiosaurs, the mosasaurs, the 
ichthyosaurs and the ammonites. It also 
marks the emergence of the next major 
evolutionary wave to sweep across the 
Earth, the rise of the mammals. 
 
The first mammals like the first reptiles 
were tiny (say 20 cm in size). They first 
appeared in the early Jurassic, probably 
from Therapsid reptiles -- another 
reason why we suspect that these BEASTIES were warm blooded. How did the first 
mammals live? Probably as pathetic scavengers living in constant fear of being eaten or 
stepped on by other larger BEASTIES. Until the demise of the other more dominant 
reptiles, the mammals never really had a chance to compete. But can you imagine what it 
must have been like at the end of the Cretaceous? Even before the dust from the impact 
had settled, the mammals would have been able to rule the world. There was plenty of 
rotting dino-meat lying around. Lots of insects too. Plants would have been really 
stressed out until the sun could again penetrate the atmosphere (possibly many months 
after the impact), but seeds would have survived. After a few decades, the Earth was 
probably back to being a paradise. And the mammals had much of it to themselves. 
 
They evolved and now occupy most of the niches 
that the reptiles once dominated. There are still 
reptiles today, but now its our turn to be boss (don’t 
forget that you are also members of the Mammalian 
class). 
 
All mammals have fir and females produce milk 
from mammary glands to nourish their young, but 
within the class, we recognize three distinct varieties 
based primarily on reproductive strategy.  
 
1) Monotremes are egg-laying mammals that were 
the first of the class to appear in the rock record. 
Today, they are represented by two animals found 
only in Australia: the echidnae and the platypus.  
 
2) Marsupials have live births, but the young are 
little more than embryos. Once they escape the 
uterus, they have to crawl sightless into a pouch that provides both protection and 
nutrition. The pouch is where the teats are and that’s where the food is. In the case of 
kangaroos, female can actually produce two types of milk from separate teats for two 
different generations of young – one for a nearly self-sufficient joey and one for a day-
old sightless lump of flesh. Oh, and she might also be pregnant at the same time. The 
advantage to this type of reproductive strategy is two-fold. Firstly, female kangaroos are 

 
Reconstruction of Archaeopteryx. From Chatterjee, S, 
1997. The Rise of Birds. John Hopkins University 
Press. Baltimore)
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almost constantly pregnant 
(aren’t we glad that we are NOT 
marsupials?) which means that 
the population can grow 
relatively fast even if the 
gestation period is longer. 
Secondly, by not laying eggs, 
you don’t have to hang around 
protecting the eggs. You might 
ask yourself why this provides 
an evolutionary advantage over egg laying monotremes and reptiles. 
 
3) Placental mammals are like you 
and me and my dog and my 
screaming new son (see picture of 
Brayden below). We give birth to 
living versions of ourselves. With 
the exception of many of the 
primates (especially us), most 
placental mammals give birth to 
young that more or less small 
adults. They are capable of moving 
very soon after birth. Why is this an 
advantage? Because a few minutes 
after you squeeze out your baby, 
you can keep moving with the herd. 
When junior needs feeding, he can 
serve himself. It’s all about protection from predators. If they can’t catch you, they can’t 
eat you and you live another day to produce another version of yourself. Humans are the 
exception. Our babies can’t exactly look after themselves the minute they are born (look 

again at the picture to the left!) which means that we are 
kind of diverging from the rest of the mammalian class. 
Lucky that we don’t have to worry about lions and tigers 
when we go walking down the road. 
 
Were you to take a biology class, you would discuss a lot 
more about mammal taxonomy and evolution. Of 
particular interest is the transition that mammals made 
from land back into the sea (e.g., whales and dolphins). 
This is, of course, the exact opposite to how this lecture 
started in the first place. Radiation of the mammals, like 
everything before them and after them, was ultimately 
driven by environmental changes that are continuously 

modifying the Earth. Those changes still occur today and some of them may even be 
human-induced (e.g., greenhouse warming). 
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Source http://www.mun.ca/biology/scarr/Mammalian_Adaptive_Radiation.htm 
 

Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

 
ray-fin fish 
lobe-fin fish 

lungfish 
dipnoans 
Amphibia 
tetrapods 

Coelacanth 
amniotic eggs 

Reptilia 
stem animals 
Quadrapeds 

Bipeds 
tooth-in-socket jaws 

thecodonts 
therapsids 
pterosaurs 

Archaosaur 
Saurishians 
Sauropods 
Herbivores 
carnivores 
Theropods 

Ornithischians 
Plesiosaurs 
Mosasaurs 

Ichthyosaurs 
Aves 

Bolides 
mammary glands 

Monotremes 
Marsupials 

Placental mammals 
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