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[bookmark: _Chondrichthyes][bookmark: _Lobe-finned_Fishes][bookmark: _Turtles][bookmark: _Squamata][bookmark: _Toc535845450][bookmark: _Toc535846342]Introduction 

The first chapter considers the lampreys - a clade of jawless vertebrates that are thought, based on analysis of their morphology, to be the group that first diverged from the remaining vertebrate clades. 

Subsequent chapters follow a structure that roughly reflects the evolutionary relationships (or phylogeny) between the higher level vertebrate groups - for example, the turtles, lizards, tuatara, crocodiles, and birds are all reptiles and, as such, their chapters are clustered together. This structure need not imply any increase in complexity or morphological "progress" as one descends through the chapters - indeed, every taxon discussed in this web-book is extant, meaning that it has some members that are still living, and are therefore also evolving under the selection pressures of their current environment. Rather, the structure reflects the greater focus of this web-book on those four-limbed vertebrates (tetrapods) whose ancestors colonised the terrestrial world in the Devonian swamps of nearly 400 million years ago - in particular the hair-covered, milk-producing mammals. 

While the structure of the web-book may not always act as an accurate representation of the evolutionary history of vertebrates, the phylogenetic tree below illustrates how all the major vertebrate clades are thought to be related. 

[image: http://www.ucl.ac.uk/museums-static/obl4he/vertebratediversity/Vertebrata_cladogram2.png]

Adapted from Meyer & Zardoya (2003), this is a conservative estimate of vertebrate phylogeny, reflecting the prevailing consensus between morphological and molecular data. Conflict between morphology and molecules is manifest at the unresolved nodes, or polytomies - those nodes that are formed when greater than two branches coalesce. 

For example, the most popular view of morphologists is that lampreys represent the closest living relatives of the jawed vertebrates (Gnathostomata), together forming the Vertebrata. This hypothesis excludes hagfishes from the vertebrates on the basis that they do not possess some of the derived morphological features shared by lampreys and gnathostomes - in particular, they lack a vertebral column. Instead, hagfishes are placed as the sister group to the vertebrates, together forming the Craniata (or craniates) - animals possessing a skull, or cranium. This view of craniate evolution makes the living jawless vertebrates, or agnathans, a paraphyletic group. This means that the jawless vertebrates do not form a natural (or monophyletic) grouping, as their most recent common ancestor is not unique to them - it is shared with the jawed vertebrates as well. 

In contrast, molecular data tend to group the lampreys and hagfishes to the exclusion of the gnathostomes, making the living agnathans a monophyletic group termed Cyclostomi. Under the cyclostome hypothesis, it is presumed that the common ancestor of the cyclostomes and gnathostomes possessed a vertebral column, which was subsequently lost in the evolution of the hagfishes. 

Despite the disparities between morphological and molecular data evident from the cladogram above, the evolutionary history of the vertebrates is fairly well resolved, with many major traditionally identified groupings persisting through recent advances in methods for phylogenetic inference and the advent of molecular systematics. Consequently, this tree should be used as a working guide while exploring the taxa described within the web-book, providing an evolutionary context that highlights the shared ancestry of the different vertebrate lineages, as well as helping to trace some of the evolutionary innovations that gave rise to the many different forms - including the origin of jaws, ossification of the endochondral skeleton, evolution of terrestrially adapted limbs, and the amniotic egg. 


Crocodilians

Crocodylia - crocodiles, alligators, and gharials
  
	Sarcopterygii; Tetrapoda; Amniota; Sauropsida; Reptilia; Diapsida; Archosauria; Crocodylia
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Lateral view of Crocodilian skull 
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Close up of Crocodilian snout 
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Dorsal view of Crocodilian snout 
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Crocodile skeleton 



[bookmark: _Toc535846343]Diversity and Lower Taxonomy

The 22 living members of the order Crocodylia are divided into three families: 
· Gavialidae - containing a single species, the gharial. 
· Crocodylidae - the crocodiles, comprising 14 species in 3 genera. 
· Alligatoridae - 7 species of alligators and caimans in 4 genera.
  
[bookmark: _Toc535846344]Distribution and Habitat
· Species present on every continent except Europe and Antarctica.

[bookmark: _Toc535846345]Features
· The presence of a secondary palate, which acts to separate the oral cavity into two defined chambers: 
1. The nasal passage, travelling from the nostrils to the internal nares at the back of the throat, for breathing. 
2. The mouth, from the mouth opening to the oesophagus, for the mastication of food. 

This is an archosaurian derived feature (which convergently evolved in mammals) that allows crocodylians to inhale and exhale solely through their nostrils, and thus eat and breathe simultaneously - a feature usually only seen in endotherms. 

· Nostrils at the tip of a long snout, connected to the internal nares via the nasal passage created by the secondary palate. This feature acts like a snorkel, meaning crocodylians can lead a semi-aquatic lifestyle - the mouth can be fully submerged yet have no effect on air passing through the nasal passage. 
· Semi-erect gait: they can pull their bodies upwards, straightening their legs slightly, resulting in a stance halfway between that of a horse and a lizard. This allows more efficient locomotion, as each stride acts more in the direction of travel and can therefore be longer, compared with the semicircular arc of a lizard's sprawling stride. A semi-erect gait also clears the trunk further from the ground, affording increasingly efficient breathing by permitting greater expansion of the lung cavity, as well as a more even compression of the lungs during each stride.
  
HINT: You will find that the evolution of locomotory efficiency often goes hand in hand with the evolution of respiratory efficiency - this coevolution is due to the fact that without the ability of an animal to gain enough oxygen to meet the energetic demands of a fast moving body, adaptations for locomotory efficiency and performance become redundant, as they are physiologically too advanced. 

· The presence of two openings in the skull and lower jaw: the antorbital fenestra and mandibular foramen, respectively. These are both defining characters, or synapomorphies, of the archosaurs, which includes crocodylians, dinosaurs, and birds. The antorbital fenestra can be located on the snout between the orbit and the nostril, while the mandibular foramen can be seen as a small hole in the lower jaw. 
· Laterally flattened, serrated teeth. 
· Crocodiles can be discriminated from alligators by differences in the shape of their mandibles, specifically the positioning of the large fourth tooth in the lower jaw:
· In crocodiles, this tooth sits outside the upper jaw when the mouth is closed (notice the recess in the exterior of the upper jaw). 
· In alligators, it is contained within the oral cavity, slotting into a complimentary groove in the palate of the upper jaw. Therefore, all the teeth of an alligator's upper jaw bite outside those of the lower jaw. 





Glossary

[bookmark: _Toc535520415][bookmark: _Toc535846347]A

[bookmark: _akinetic][bookmark: _Toc535520416][bookmark: _Toc535846348]akinetic
In anatomy, this refers to a low level of flexibility in a structure due to a lack of moveable joints. 


[bookmark: _amniote][bookmark: _Toc535520417][bookmark: _Toc535846349]amniote
Those vertebrates with an amniotic egg. The extant clades are Testudines (turtles), Diapsida (lepidosaurians, crocodilians, and birds), and Synapsida (mammals).


[bookmark: _anapsid][bookmark: _Toc535520418][bookmark: _Toc535846350]anapsid
Skull possessing no temporal fenestrae (NB. an- = without).

Amniotes with this skull condition form a paraphyletic group including the Parareptilia (turtles and their extinct relatives), the extinct common ancestor of all amniotes, and basal eureptiles (the extinct precursors of diapsids).

Note that the Testudines (turtles and relatives) have modified the anapsid condition through a reduction (emargination) of the posterior region of the skull.


[bookmark: _Apatite][bookmark: _Toc535520419][bookmark: _Toc535846351]Apatite
Calcium phosphate: the crystalline component of bone. 


[bookmark: _Toc535520420][bookmark: _Toc535846352]apomorphy
A derived or specialised character. 


[bookmark: _Appendicular_skeleton][bookmark: _Toc535520421][bookmark: _Toc535846353]Appendicular skeleton
The endoskeletal element of the fins or limbs of a vertebrate, and their associated girdles (pectoral or pelvic). 


[bookmark: _Toc535520422][bookmark: _Toc535846354]Axial skeleton
All parts of the vertebrate endoskeleton except the limbs or fins and their associated girdles. That is, the cranium, visceral skeleton, notochord, vertebrae, and ribs.


[bookmark: _Toc535520423][bookmark: _Toc535846355]B

[bookmark: _Basal][bookmark: _Toc535520424][bookmark: _Toc535846356]Basal
Of, relating to, located at, or forming a base. 


[bookmark: _Bicuspid][bookmark: _Toc535520425][bookmark: _Toc535846357]Bicuspid
A tooth bearing two cusps.

[bookmark: _Toc535520426][bookmark: _Toc535846358]C

[bookmark: _Toc535520427][bookmark: _Toc535846359]Calcified cartilage
Cartilage strengthened with a scattering of apatite crystals (calcium phosphate), as seen in Chondrichthians.


[bookmark: _Cartilage][bookmark: _Toc535520428][bookmark: _Toc535846360]Cartilage
A tough, elastic, fibrous connective tissue composed of collagen fibres. Used as skeletal tissue in vertebrates, it is non-mineralised and is often the developmental precursor of bone. 


[bookmark: _Clade][bookmark: _Toc535520429][bookmark: _Toc535846361]Clade
A phylogenetic lineage comprising a common ancestor and all its descendant species.

Note that the difference between a taxon and a clade is that a clade must include all descendant species from a common ancestor, whereas a taxon need not.


[bookmark: _cladistic][bookmark: _Toc535520430][bookmark: _Toc535846362]cladistic
Relating to the branching sequences of phylogeny.


[bookmark: _cladogram][bookmark: _Toc535520431][bookmark: _Toc535846363]cladogram
A branching tree-like diagram representing the phylogenetic relationships (evolutionary history) of a lineage. 


[bookmark: _cloaca][bookmark: _Toc535520432][bookmark: _Toc535846364]cloaca
The common opening for the reproductive, urinary, and digestive tracts, seen in all vertebrates except therian mammals (marsupials and placental mammals).

The term comes from the Latin for sewer. 


[bookmark: _Toc535520433][bookmark: _Toc535846365]Cursorial
Adapted for running. 


[bookmark: _Cusp][bookmark: _Toc535520434][bookmark: _Toc535846366]Cusp
The biting point of a tooth.


[bookmark: _Toc535520435][bookmark: _Toc535846367]D

[bookmark: _Dentary][bookmark: _Toc535520436][bookmark: _Toc535846368]Dentary
The anterior bone of the lower jaw which bears the teeth. It forms the whole of the lower jaw in mammals.

[bookmark: _Dentine][bookmark: _Toc535520437][bookmark: _Toc535846369]Dentine
A bone-like substance, lacking cell bodies and consisting mainly of calcium phosphate (apatite) in a fibrous matrix.


[bookmark: _Dermal_bone][bookmark: _Toc535520438][bookmark: _Toc535846370]Dermal bone
A type of bone forming within the dermis - the deep layer of vertebrate skin cells below the surface layer, the epidermis.


[bookmark: _diapsid][bookmark: _Toc535520439][bookmark: _Toc535846371]diapsid
Skull possessing both an upper and a lower temporal fenestra (NB. di- = two). 

Amniotes with this skull condition form the monophyletic clade Diapsida, which includes the lepidosaurs (lizards, snakes, and tuatara), archosaurs (crocodilians, dinosaurs, and birds), and their other extinct relatives. 

Note that some diapsids, such as lizards, have lost the temporal bar separating the fenestrae to form one large window. Others, such as the Aves (birds), have merged both fenestrae with the orbit.


[bookmark: _Toc535520440][bookmark: _Toc535846372]E

[bookmark: _Enamel][bookmark: _Toc535520441][bookmark: _Toc535846373]Enamel
The crystalline material covering the crown of a tooth, or certain scales. 


[bookmark: _Endopterygota][bookmark: _Toc535520442][bookmark: _Toc535846374]Endopterygota
A clade of insects charachterised by their undergoing complete metamorphosis (i.e. holometabolous).

See Insect Diversity WebBook for the clades within (from Neuroptera down).


[bookmark: _Epidermal][bookmark: _Toc535520443][bookmark: _Toc535846375]Epidermal
Pertaining to, or originating from, the epidermis - the surface layer of skin cells in vertebrates 


[bookmark: _euryapsid][bookmark: _Toc535520444][bookmark: _Toc535846376]euryapsid
Skull possessing an upper temporal fenestra only.

However, animals with this skull condition do not represent an important amniote lineage, as they are likely to be a polyphyletic group, originating a least twice within the Diapsida. Euryapsids include the plesiosaurs and ichthyosaurs - Mesozoic marine reptiles.


[bookmark: _extant][bookmark: _Toc535520445][bookmark: _Toc535846377]extant
Not extinct.


[bookmark: _Toc535520446][bookmark: _Toc535846378]F

[bookmark: _fossorial][bookmark: _Toc535520447][bookmark: _Toc535846379]fossorial
Specialised for burrowing.


[bookmark: _furcula][bookmark: _Toc535520448][bookmark: _Toc535846380]furcula
The fused clavicle bones of a bird, also known as the wishbone.


[bookmark: _Toc535520449][bookmark: _Toc535846381]H

[bookmark: _Toc535520450][bookmark: _Toc535846382]Hemimetabolous
Refers to a type of insect development that is categorised by three distinct, progressive life stages: egg, nymph, imago (adult). Changes are gradual, with no pupal stage.

Some hemimetabolous insects include grasshoppers, cicadas, cockroaches, termites, earwigs, and dragonflies.

Also termed incomplete metamorphosis.


[bookmark: _Holometabolous][bookmark: _Toc535520451][bookmark: _Toc535846383]Holometabolous
Refers to a type of insect development that is categorised by four distinct, progressive life stages: embryo, larva, pupa, imago (adult).

Seen exlusively in the Endopterygota, which includes beetles, butterflies, wasps, bees, ants, and others.

Also termed complete metamorphosis.


[bookmark: _Horny][bookmark: _Toc535520452][bookmark: _Toc535846384]Horny
Consisting of horn - a tough material composed mainly of keratin.


[bookmark: _Toc535520453][bookmark: _Toc535846385]I

[bookmark: _ilium][bookmark: _Toc535520454][bookmark: _Toc535846386]ilium
In tetrapods, the dorsal section of the pelvis, which articulates with one or more sacral vertebrae.


[bookmark: _Toc535520455][bookmark: _Toc535846387]K

[bookmark: _Kinetic][bookmark: _Toc535520456][bookmark: _Toc535846388]Kinetic
In anatomy, referring to a high level of flexibility afforded by numerous moveable joints.


[bookmark: _Toc535520457][bookmark: _Toc535846389]L

[bookmark: _Toc535520458][bookmark: _Toc535846390]Lymph heart
Muscular dilation in a lymph vessel, which pumps lymph (fluid containing white blood cells called lymphocytes important in immune response) around the body of some lungfishes, amphibians and reptiles.


[bookmark: _Toc535520459][bookmark: _Toc535846391]M

[bookmark: _Toc535520460][bookmark: _Toc535846392]Metacone
In mammals, the metacone is the distobuccal (rear-most and cheek side) cusp of an upper molar tooth.


[bookmark: _monophyletic][bookmark: _Toc535520461][bookmark: _Toc535846393]monophyletic
Having a single evolutionary origin. A taxon is monophyletic if it contains all the descendants of a common ancestor.

For example, mammals are a monophyletic group, as all species descended from the first known mammal are considered mammals.

See paraphyletic and polyphyletic for alternative terms.


[bookmark: _Toc535520462][bookmark: _Toc535846394]Myrmecophagy
Feeding behaviour categorised by an exclusive (or near exclusive) diet of ants ant termites.


[bookmark: _Toc535520463][bookmark: _Toc535846395]O

[bookmark: _Orbit][bookmark: _Toc535520464][bookmark: _Toc535846396]Orbit
The bony socket of the eye. 


[bookmark: _Toc535520465][bookmark: _Toc535846397]Osteosclerosis
An increase in the density of bone.


[bookmark: _P][bookmark: _Toc535520466][bookmark: _Toc535846398]P

[bookmark: _Toc535520467][bookmark: _Toc535846399]Pachyostosis
A thickening of the bone, often associated with a reduction in the volume of marrow tissue contained within. 


[bookmark: _Toc535520468][bookmark: _Toc535846400]Paracone
In mammals, the paracone is the mesiobuccal (front-most and cheek side) cusp of an upper molar tooth.


[bookmark: _Paraphyletic][bookmark: _Toc535520469][bookmark: _Toc535846401]Paraphyletic
A taxon including a common ancestor and some but not all of its descendants. 

For example, the class Reptilia is paraphyletic, as it does not include birds, who are considered a separate class: Aves. However, birds evolved from theropod dinosaurs, and are therefore reptiles themselves. Similarly, all tetrapods are, evolutionarily speaking, lobe-finned fish.

Importantly, reptiles can be made monophyletic through the addition of birds to the taxon.

See monophyletic and polyphyletic for alternative terms.


[bookmark: _Pectoral_girdle][bookmark: _Toc535520470][bookmark: _Toc535846402]Pectoral girdle
In vertebrates, the skeletal structure that provides support for the fore limbs or fins. 


[bookmark: _Pelvic_girdle][bookmark: _Toc535520471][bookmark: _Toc535846403]Pelvic girdle
In vertebrates, the skeletal structure that provides support for the hind limbs or fins, which also fuses with the sacral vertebrae.


[bookmark: _phylogeny][bookmark: _Toc535520472][bookmark: _Toc535846404]phylogeny
The evolutionary history of organismal lineages as they develop through time. 


[bookmark: _plesiomorphy][bookmark: _Toc535520473][bookmark: _Toc535846405]plesiomorphy
An ancestral character. 


[bookmark: _polyphyletic][bookmark: _Toc535520474][bookmark: _Toc535846406]polyphyletic
Referring to a group that does not contain the common ancestor of all the taxa within. Therefore, this is not a true taxonomic group, but is often a term used to categorise organisms with a similar ecology, such as insectivorious mammals, or marine mammals.

It is also used when the evolutionary origin of a group, such as snakes, is unsure, and characteristic species within may have originated separately.


[bookmark: _Toc535520475][bookmark: _Toc535846407]Protocone
In mammals, the protocone is the mesiolingual cusp of an upper molar tooth.


[bookmark: _Toc535520476][bookmark: _Toc535846408]Pulp cavity
The space within a tooth, or a dentine scale, occupied by blood vessels and nerves. 


[bookmark: _Toc535520477][bookmark: _Toc535846409]S

[bookmark: _Toc535520478][bookmark: _Toc535846410]symplesiomorphy
A character that is shared between groups but was inherited from an ancestor prior to the last common ancestor.

These are characters that - at the level at which they are referred to as symplesiomorphies - are not used to form cladistic groupings, or clades. 


[bookmark: _synapomorphy][bookmark: _Toc535520479][bookmark: _Toc535846411]synapomorphy
A derived or specialised character that is shared between two or more groups, and was inherited from the common ancestor in which it originated.

These are the characters that morphological systematists use to support the existence of particular clades, forming the basis of the field of cladistics.


[bookmark: _synapsid][bookmark: _Toc535520480][bookmark: _Toc535846412]synapsid
Skull possessing a lower temporal fenestra only. 

Amniotes with this skull condition form the monophyletic clade Synapsida, which includes the mammals and their extinct ancestors, the non-mammalian reptile-like synapsids.

Note that in the Mammalia, the lower temporal fenestra has merged with the orbit.


[bookmark: _Toc535520481][bookmark: _Toc535846413]T

[bookmark: _taxon][bookmark: _Toc535520482][bookmark: _Toc535846414]taxon
A group of organisms sharing a common ancestry.

Note that the difference between a taxon and a clade is that a clade must include all descendant species from a common ancestor, whereas a taxon need not.

Pl. taxa.


[bookmark: _temporal_fenestra][bookmark: _Toc535520483][bookmark: _Toc535846415]temporal fenestra
An opening in the temporal region of the skull seen in amniotes, providing a flat edge for the attachment of strong lower jaw closing muscles to the skull.

Amniotes show four skull types, based on the position and number of these temporal fenestrae, two of which define two major lineages of the amniotes. The skull types and associated groups are as follows:

1) Synapsid - Skull possessing a lower temporal fenestra only. Amniotes with this skull condition form the monophyletic clade Synapsida, which includes the mammals and their extinct ancestors, the mammal-like reptiles. Note that in the Mammalia, the lower temporal fenestra has merged with the orbit.

2) Diapsid - Skull possessing both an upper and a lower temporal fenestra (NB. di- = two). Amniotes with this skull condition form the monophyletic clade Diapsida, which includes the lepidosaurs (lizards, snakes, and tuatara), archosaurs (crocodilians, dinosaurs, and birds), and their other extinct relatives. Note that some groups within the Diapsida, such as lizards, have lost the temporal bar separating the fenestrae to form one large window. Others, such as the Aves (birds), have merged both fenestrae with the orbit.

3) Anapsid - Skull possessing no temporal fenestrae (NB. an- = without). Amniotes with this skull condition form a paraphyletic group including the Parareptilia (turtles and their extinct relatives), the extinct common ancestor of all amniotes, and basal eureptiles (the extinct precursors of diapsids). Note that the Testudines (turtles and relatives) have modified the anapsid condition through a reduction (emargination) of the posteriorregion of the skull.

4) Euryapsid - Skull possessing an upper temporal fenestra only. However, animals with this skull condition do not represent an importantamniote lineage, as they are likely to be a polyphyletic group, originating a least twice within the Diapsida. Euryapsids include the plesiosaurs and ichthyosaurs - Mesozoic marine reptiles.


[bookmark: _Toc535520484][bookmark: _Toc535846416]V

[bookmark: _vertebrae][bookmark: _Toc535520485][bookmark: _Toc535846417]vertebrae
From anterior to posterior: 
[bookmark: _Toc535520486][bookmark: _Toc535846418]Cervical vertebrae: Facilitate the mobility of the head. The first two, the atlas and the axis are highly specialised, the former articulating with the occipital region of the skull. 
[bookmark: _Toc535520487][bookmark: _Toc535846419]Thoracic vertebrae: Articulate with the ribs that fuse with the sternum. 
[bookmark: _Toc535520488][bookmark: _Toc535846420]Lumbar vertebrae: Generally larger, with small ribs not attached to the sternum, which support the posterior musculature. 
[bookmark: _Toc535520489][bookmark: _Toc535846421]Sacral vertebrae: Fused to the pelvic girdle, allowing the transfer of force from the appendicular skeleton (limbs) during locomotion. 
[bookmark: _Toc535520490][bookmark: _Toc535846422]Caudal vertebrae: Small and less specialised, forming the tail.


[bookmark: _Toc535520491][bookmark: _Toc535846423]Vertebrate anatomical directions and axes
The image below illustrates the terms used for anatomical directions and axes in vertebrates.
[image: http://www.ucl.ac.uk/museums-static/obl4he/vertebratepalaeo/Anatomical_Directions_and_Axes_glossary.jpg]


[bookmark: _Vestigial][bookmark: _Toc535520492][bookmark: _Toc535846424]Vestigial
Occurring as a structure that, once functional (whether during development or in earlier evolutionary forms), is now reduced or degenerate. An example is the vestigial pelvic girdle seen in many snakes, including the boas and pythons, which bears no function.


[bookmark: _Toc535520493][bookmark: _Toc535846425]Z

[bookmark: _Toc535520494][bookmark: _Toc535846426]Zygapophysis
Articular process of a vertebra that articulates with the corresponding process of an adjacent vertebra.

Plural = zygapophyses
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