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Lab 3: Postcranial Skeleton  
 

Important “big-picture” concepts or trends:   
1. Homologous structures (but often different functions)  
2. Regional differentiation of vertebral elements (cervical, thoracic, etc.)  
3. Different types of vertebral centra (amphicoelous, procoelous, etc.) among taxa 
 
Note: Most of the bones labeled in the different figures are homologous, so you only need to learn 
many of them once.  However, these bones often serve different purposes and as such often look 
different (e.g., compare the radius and ulna between a frog and human).  Remember that these 
structures usually look the way they do for a reason – form is closely tied to function.   
 

Jawless fish (e.g., lamprey) (pp. 101-113) 
If needed, take a look at a preserved lamprey again to examine the notochord and lack of paired fins 
(the unpaired fins are the dorsal and caudal fins).  
 

Chondrichthyes (e.g., shark) (pp. 136-140) 
Examine the shark girdles in the jars.  Be able to identify the following structures:  
Pectoral girdle: scapulocoracoid bar, coracoid bar, scapular cartilage, suprascapular 
cartilage, basal pterygiophores, radial pterygiophores, ceratotrichia.  
Pelvic girdle: puboischiadic bar, metapterygium, clasper, spine.  

 
Osteichthyes (e.g., bowfin and perch) 

The vertebral column of bony fishes can be divided into trunk and tail vertebrae.  The first vertebra 
is slightly modified for articulation with the skull.  The trunk vertebrae are essentially identical, as 
are the caudal vertebrae.  Most fishes (including sharks) possess amphicoelous vertebral centra.  
The pectoral girdle is firmly articulated with the skull. Be able to identify the thoracic vertebrae, 
caudal vertebrae, neural spine, hemal arch, centra, ribs, pectoral fins, pelvic fins (not 
attached), anal fin, caudal fin, anterior dorsal fin, and posterior dorsal fin in the perch (see 
figure below) and bowfin. 
  

 

Hemal arch 

Neural spine 

Ventral ribs 

Dorsal ribs 
Pelvic fin 
(not attached) 

Pectoral fin 

Caudal fin 
Posterior dorsal fin Anterior dorsal fin 

Anal fin 
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Amphibians (e.g., bullfrog, mudpuppy, etc.) (pp. 220-224) 
 
Amphibians represent the earliest extant examples of the vertebrate transition onto land.  As they 
were no longer supported by hydrostatic buoyancy, their vertebral columns evolved a series of 
processes to help support their body mass.  The centra of many amphibians are procoelous or 
opisthocoelous, but some retain the ancestral amphicoelous condition (e.g., Necturus).  Amphibians 
have well-developed prezygapophyses and postzygapophyses (see pp. 221-222).  As in all 
tetrapods, the pectoral girdle has separated from the skull and now rests in a muscular sling (see pp. 
222-223).  Why was this arrangement more advantageous (see p. 223)? Focus on the handouts but 
refer to the lab manual when relevant.  
 
Be able to identify the following structures in salamanders (Necturus): atlas, thoracic/trunk 
vertebrae, sacral vertebra, caudal vertebrae, centrum, neural spine, neural arch, hemal arch, 
ribs, coracoid, scapula, humerus, radius, ulna, carpals, metacarpels, phalanges, pubis, 
ischium, ilium, femur, tibia, fibula, tarsals, metatarsals, phalanges, as well as the following 
structures in anurans (Rana; see figures below): atlas, thoracic vertebrae, sacral vertebra, 
centrum, neural spine, neural arch, ribs, sternum, coracoid, scapula, suprascapula, humerus, 
radioulna, carpals, metacarpels, phalanges, pubis, ischium, ilium, urostyle, femur, tibiofibula, 
tarsals, metatarsals, and phalanges.   

 
Skeleton of a frog (Rana sp.) with a magnified, ventral view of the sternum region. 
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Bullfrog skeleton (figure by U. Savalli) 

 
 

 
 Mudpuppy skeleton (figure by U. Savalli) 

 
 
 
 
 
 
 
 
 
 



Updated Fall 2009 

 4

Reptiles (e.g., turtle, snake) (see notes below) 
 

Focus on the notes below.  Examine the prepared skeletons.   
 
Be able to identify the following structures in turtles: carapace, plastron, atlas, axis, cervical 
vertebrae, thoracic vertebrae, sacral vertebrae, caudal vertebrae, humerus, radius, ulna, 
carpals, metacarpals, phalanges, pectoral girdle, femur, tibia, fibula, and phalanges.   
 
Be able to identify the following structures in snakes: atlas, axis, thoracic vertebrae, ribs, and 
caudal vertebrae.  

 
Skeleton of a sea turtle. 
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Aves 
 
Be able to identify the following structures: atlas, axis, cervical vertebrae, thoracic vertebrae, 
uncinate processes, ribs, lumbar vertebrae, sacral vertebrae, caudal vertebrae, pygostyle, 
scapula, foramen triosseum, coracoid, furcula, sternum, carina, femur, tibiotarsus, fibula, 
tarsometatarsus, phalanges, humerus, ulna, radius, carpometacarpus, phalanges, ilium, 
ischium, and pubis.  
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Mammals (pp. 297-308) 
 
Focus on the terms and bones identified on the figures in the notes below, and be able to identify 
the following vertebral structures (pp. 299-300): spinous process, vertebral canal, centrum, 
odontoid process (axis), prezygapophysis, postzygapophysis, transverse process, transverse 
foramen (cervical vertebrae), hemal arch (caudal vertebrae), demifacet (thoracic vertebrae), 
articular facet (thoracic vertebrae), pleurapophysis (lumbar vertebrae), accessory process 
(lumbar vertebrae), and mamillary process (lumbar vertebrae).    
 
Be able to identify the following structures in cats: atlas, axis, cervical vertebrae, thoracic 
vertebrae, lumbar vertebrae, sacral vertebrae, caudal vertebrae, scapula, humerus, radius, 
ulna, carpals, metacarpals, phalanges, ribs, femur, patella, tibia, fibula, tarsals, metatarsals, 
phalanges, sternum, and scapula. 
 

 
 
 
Be able to identify the following structures in humans: atlas, axis, cervical vertebrae, thoracic 
vertebrae, ribs, lumbar vertebrae, sacral vertebrae, caudal vertebrae, coccyx, scapula, 
clavicle, sternum, illium, pubis, ischium, humerus, radius, ulna, carpals, metacarpals, 
phalanges, femur, patella, tibia, fibula, tarsals, metatarsals, and phalanges. 
 
Be able to identify the epipubic bones on the duck-billed platypus.  What is their function?   
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The Axial Skeleton 
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In most amniotes, individual vertebrae can be distinguished based on their position within the vertebral column. 
Cervical vertebrae are found in the neck, identifiable by the lateral transverse foramina; thoracic vertebrae have 
facets to support ribs; lumbar vertebrae support the lower back, have large transverse processes, and are rather 
robust in most mammals; sacral vertebrae help support the pelvis and are typically fused into a characteristic 
shape; and caudal vertebrae are found in the tail, identifiable by the presence of hemal crests or processes (the 
ancestral remnant of hemal arches, well developed in fish, many amphibians and reptiles) through which the 
caudal artery and vein pass into and through the caudal region. Additionally, the most anterior vertebra is slightly 
modified to articulate with the skull. It articulates at the position of the occipital condyles. The first vertebrae of 
amphibians and mammals articulates with two occipital condyles on the skull, while the first vertebrae of reptiles 
and birds articulates with a single occipital condyle.   
 
 

Jawless Fish (e.g., Lamprey) 
The major postcranial modification of the earliest craniates that differed from their protochordate ancestor was the 
presence of a notochord running the length of the animal from head to tail. This can most clearly be seen in our 
preserved specimen of the lamprey. The notochord itself resembles the vertebral column and extends the length of 
the animal.  
 

Chondrichthyes (e.g., shark) 
Chondrichthyans possess a notochord that runs the length of the vertebral column through its centra. They are the 
earliest examples of extant vertebrates with true, segmented vertebrae. Their vertebral centra are amphicoelous. 

 
Gnathostome Fishes (e.g., bowfin and perch) 

Depending on the group, a notochord or its remnants may be present. In general, the early osteichthyans and non-
teleost fishes possess a notochord. The vertebral column can be divided into trunk and tail vertebrae. The first 
vertebra is slightly modified for articulation with the skull. The trunk vertebrae are essentially identical, as are the 
caudal vertebrae. When ribs are present, they help transfer muscular force to the vertebral axis during lateral 
undulations while swimming. Most fishes possess amphicoelous vertebral centra.  

 
Amphibians (e.g., bullfrog (Rana catesbeiana), mudpuppy (Necturus)) 

Amphibians represent the earliest extant examples of the vertebrate transition to land. As they were no longer 
supported by hydrostatic buoyancy, their vertebral columns evolved a series of processes to help support their 
body mass. In many species, the centra are now either procoelous or opisthocoelous. However, caecilians, a 
few frogs, and most salamanders retain the ancestral amphicoelous condition. Amphibians have well-
developed prezygapophyses and postzygapophyses. 
 
Only dorsal ribs are found in the endoskeleton of tetrapods, corresponding to the dorsal ribs of osteichthyans. Ribs 
appear best developed in ancestral fossil amphibians, many caecilians and a few species of extant salamanders. In 
many frogs, including Rana, these ribs are fused to vertebrae, and at first glance, may look like enlarged transverse 
processes. Although a true, somewhat flexible neck was present in extinct amphibians, in extant forms it exists 
only as a single cervical vertebra, the atlas. The atlas articulates with the two occipital condyles of the skull, 
providing a strongly limited hinge-joint. This joint can be used to provide flexion between the cranium and body 
while leaping (frogs) or while feeding (especially in salamanders, which must elevate the upper jaw to feed). 
Typically, there is no differentiation between the thoracic and lumbar vertebra, in which case they are 
collectively called thoracolumbar vertebrae. The nature of the trunk vertebrae allows the spine to flex laterally, 
but is restricted from flexing dorsoventrally. The notochord or remnants of it are retained in caecilians, 
salamanders, and a few species of frogs.  
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Reptiles (non-avian) (e.g., turtle, snake) 
 

Corresponding to their greater dominance of the terrestrial environment, reptiles evolved stronger axial skeletons 
than early tetrapods and amphibians. Reptiles also evolved a greater regional differentiation of the vertebral 
column, and have more cervical vertebra and stronger sacral regions than amphibians.  
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Aves 

 
 

Mammals 
 

Because most mammals are active, agile creatures, their axial skeletons have evolved to be supportive, yet flexible. 
With almost no exception, all mammals have seven cervical vertebrae. The atlas (CV I) articulates with the two 
occipital condyles of the skull. The reptilian rotation-joint between skull and atlas is lost (in mammals it is mostly 
between the axis and atlas), restricting movement to a nodding motion (dorsoventral flexion) caused by the 
resulting hinge-joint. The odontoid process found on the axis of mammals and most other tetrapods articulates 
with the atlas and allows for the rotation-joint between it and the axis. Mammals posses all of the vertebrate types 
(i.e. cervical, thoracic, lumbar, sacral, and caudal). The thoracic vertebrae possess ribs, which articulate with via 
costal cartilages. The lumbar vertebrae have transverse processes that were embryonic ribs. The sacral vertebrae 
have fused to form the sacrum. In most mammals, the tail is rather modest in size, and has a myriad of functions 
that include locomotion, balance, behavioral, etc. In mammals, such as humans, where the tail is not present, the 
remaining caudal vertebrae have fused to form a coccyx.  
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The Appendicular Skeleton 

 
 

Jawless Fish (e.g., lamprey) 
The extant jawless fishes (lamprey and hagfish) have no paired appendages. This was most probably the case for 
most groups of extinct jawless fishes. They also lack any girdles in the pectoral and pelvic regions.  
 
 

Chondrichthyans (e.g., shark) 
The pectoral girdle and pelvic girdle of chondrichthyans are composed entirely of cartilage. The girdles are 
enlarged, extending dorsally and merging ventrally to form u-shaped bridges. The well-developed basal cartilages 
of the fins are not dermal, but the ceratotrichia are currently considered dermal derivatives. Make sure to examine 
the specimens in the lab to be able to identified the homologous elements of both girdles with that of other higher 
vertebrates.  
 
 

Osteichthyans (e.g., bowfin, perch) 
As with the other portions of the skeleton in osteichthyans, the structure of the pectoral and pelvic girdles is also 
highly diverse. In this group we are most concerned with how these elements were beginning to change in order to 
support paired appendages. The endoskeletal cartilages remain as the point of appendage attachment. However, 
dermal elements have fused to the pectoral girdle to add support. Some of these bones form a connection with the 
skull and superficially appear as skull elements. 
 
The structure on the fin itself deserves some attention, and is usually the basis for differentiating between 
taxonomic categories of osteichthyans. The fins of aquatic sarcopterygians are composed of a central axis of bone 
with branches, and are termed crossopterygia. This type of fin is muscular and fleshy. Evidence suggests that 
crossopterygia are the type of fin from which tetrapod limbs evolved. The first element of the crossopterygian fin 
is homologous to the humerus or femur (pectoral or pelvic girdle). The fins of actinopterygians (ray fins) are 
composed of a web of skin supported by horny or bony rays that are actually modified scales. The skeleton and 
flesh do not normally extend into the fin. In the derived actinopterygians, the fin base is narrow and the bony 
elements are much reduced.  
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Amphibians 
 

 
 

Reptiles (non-avian) 
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Aves 

 

 
 

Wings are characterized by a reduction and fusion of the distal elements. You should take time to look at a 
bird and bat wing to see how the elements of the bird wing have become reduced, while the opposite is true of the 
bat. The stout humerus fits into the shallow glenoid fossa. In the folded wing, the radius is dorsomedial to the ulna. 
The ulna also may be identified by the olecranon process, which forms the distal apex of the elbow. The wrist is 
greatly reduced, and the hand and digits fused and reduced. Two carpal bones are distinct, while the other carpal 
elements have fused with the metacarpal elements to form a single, harp-shaped carpometacarpus. The half-
moon shape of the proximal carpals is a dinosaurian feature that allows flexibility for flapping. Apparently, only 
the phalanges of only the first, second, and third digits remain. The exact number of these digits is disputed and 
may represent the second, third, and fourth digits.  
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Mammals 
 

 
 
The pelvic girdle of mammals is of similar composition to that of reptiles, although its proportions may differ. In 
contrast to extant reptiles, mammal limbs typically do not spread out in a sprawl, but are parasagittal, positioned 
directly under the body, perpendicular to the ground. Many marsupialshave an extra set of bones attached to the 
pelvis, termed epipubic bones. These unusual, dermally derived bones have the dual functions of supporting the 
marsupium (brood pouch) and muscles associated with the femur. You can see these bones on the skeleton of the 
platypus.  
 

 


