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COMPARATIVE SKELETAL ANATOMY. 

 

 

 
 

 

 
 

INTRODUCTION  
 

 An examination of skeletons can provide 
insights into evolutionary relations and 

adaptations among the various classes of 

vertebrates. In this laboratory you will examine 
vertebrate skeletal systems from an evolutionary 

point of view. Before beginning with the skeletal 

system we'll review the major classes of 

vertebrates. 
 

EXERCISE 1 A Quick Survey of the 

Vertebrates.  
 

MATERIALS NEEDED:  

Demonstrations for Subphylum Vertebrata 
preserved and living specimens). 

 Class Agnatha: lampreys, hagfish. 

 Class Chondrichthyes: sharks, skates, and 

rays. 

 Class Osteichthyes: bony fish. 

 Class Amphibia: frogs, newts, salamanders. 

 Class Reptilia: living snakes, lizards, etc.  

 Class Aves: mounted birds and bird feathers. 

 Class Mammalia: live animals, and pelts. 

 
 Vertebrates include most of the animals with 

which you are familiar (Fig 16.1). They are 

characterized by having a vertebral column 

composed of bone and/or cartilage. The 
vertebral column, along with the cranium, limb 

girdles, and limbs, make up the endoskeleton. 

This internal skeleton is an adaptation for 
efficient locomotion. As you work through the 

vertebrate classes, enter the distinguishing 

characteristics of each in the results section 

table.  
 

 
Figure 1. Evolution of vertebrates. A summary 

of the evolutionary relationship among the living 

vertebrate classes is shown. See the text for 
more information on each class. 
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PROCEDURE: 

1. Class Agnatha. Agnaths are primitive fishes 
with a fibrous skeleton and an eel-like body. 

They lack a jaw, scales and paired fins that 

we usually associate with fish. Many species 

are parasitic (they attach to the outer surface 
of a fish with their sucker-like mouth; it's a 

dirty job, but someone has to do it). Rasping 

teeth (arranged in a whorl) cut into the host. 
The lamprey then sucks blood from the 

wound (a fish hickey?). When the lamprey is 

finished with its bloodmeal, it releases the 
fish. The injured fish usually dies from blood 

loss or infection. Although partially under 

control, the marine lamprey (Petromyzon 

marinus) has had a devastating effect on the 
fishing industry in the Great Lakes region. 

Examine the preserved lamprey on 

demonstration. Note the single median nostril 

(between the eyes) and the seven pairs of gill 

apertures (making it look somewhat like an 

old Buick). Examine the oral disc and 
arrangement of the teeth. Compare the 

lamprey's fin arrangement and smooth, 

scaleless skin with that of other fish on 

display. A hagfish ("slime eel") may also be 
on display. While lampreys may be either 

marine or freshwater, hagfish are exclusively 

marine. Unlike the lamprey, they are 
scavengers and are never parasitic. A 

hagfish's eyes are degenerate and its mouth is 

surrounded by eight tentacles. There may be 

five to 15 pairs of gill apertures, depending 
on the species.  

2. Class Chondrichthyes. Sharks, skates, rays, 

and chimaeras are all members of the Class 
Chondrichthyes. Their endoskeleton is 

entirely cartilaginous (Chondros = 

"cartilage"; "icthys" = "fish") and all are 
carnivorous (as exemplified by the great 

white shark (Carcharodon), the principle 

character in the "Jaws" movie serials). 

Examine the display material. Note the 
unusual orientation of the fins as compared to 

the more familiar bony fish. Note that the 

gills are not covered (five to seven gill slits 
are exposed). If the display shark can be 

removed from its container, run your forth 

over the skin to feel its sharp scales.  
3. Class Osteichthyes. The bony fish (Osteon = 

"bone"; "icthys" = "fish") are the most diverse 

and numerous of all vertebrates. They are 

widely distributed and inhabit both freshwater 

and marine environments (some fish can even 
make short sojourns over land). Unlike the 

cartilaginous fish, the skeleton is composed 

mainly of bone and the gills are covered with 

a flap (the operculum).  
4. Class Amphibia. Amphibians include frogs, 

toads, salamanders, newts, and the legless 

caecilians. Ancestors of today's amphibians 
were the first chordates to venture onto land 

(during the Devonian- about 350 million 

years ago). Despite all these years of practice 
with a terrestrial lifestyle, they have not 

completely cut their ties with water and most 

stay near their home ponds or streams. 

Limitations in their respiration and 
reproduction are two physiological barriers 

that keep most amphibians from a totally 

terrestrial lifestyle. Lungs, if present, are not 
terribly efficient so their breathing is 

augmented by cutaneous respiration 

(absorbing oxygen through their thin, moist 
skin). In addition, most amphibians must 

return to the water to mate and lay their eggs 

(which are surrounded by a soft gelatinous 

material rather than hard shell). Examine the 
preserved and living amphibians on display.  

5. Class Reptilia. Living members of the Class 

Reptilia include turtles, lizards, snakes, and 
crocodilians. Ancestors to these animals were 

the first to completely break their ties with the 

water and move to a totally terrestrial 

existence. Two adaptations made this 
possible: scaly skin and a shelled egg (both 

help to avoid drying). Examine the 

demonstration material and compare the 
structure of a reptilian egg to that of an 

amphibian.  

6. Class Aves. Birds have been incredibly 
successful (among the chordates, they are 

outnumbered only by the bony fish). The 

main characteristic that distinguishes them 

from other vertebrates is the modification of 
the forelimbs into feathered wings. Examine 

the living and preserved specimens on display 

to re-familiarize yourself with these lovely 
beasts.  

7. Class Mammalia- Lions and tigers and bears 

(Oh My!). Mammals differ from other 
vertebrates in having hair and mammary 

glands. Hair grows from follicles whose base 

is in the lower dermal layer of the skin. Cells 
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divide at the base of the follicle and push the 

hair to the surface. As the cells are pushed 
from the follicle, they die and are filled with a 

protein called keratin. The structure of the 

hair can be variously modified according to 

the needs of the animal. The surface, for 
example, may be scaled so adjacent hairs will 

clump together or the hair can be hollow (for 

insulation). Pigments deposited in the hair 
may be used for camouflage, communication, 

or as warning coloration (as in the skunk). 

Examine the preserved animals, pelts, and 
your lab partner to review the major 

characteristics of this class.  

 

EXERCISE 2 Comparative Anatomy and 

Evolution of Skeletal Systems within the 

Vertebrates.  

 

MATERIALS NEEDED:  

 Skulls: Squalus chondrocranium (with gill 

arches); Amia, alligator, bird, human, and 

others. 

 Skeletons: Frog, bird, cat, human (and 

others). 

 

 Based on the embryonic origin of the bone, the 

skeleton of vertebrates is divided into two main 
portions. The integumentary skeleton has its 

origin as dermal bone (bony scales, teeth, and 

superficial bony plates develop in this manner). 
The endoskeleton, on the other hand, develops 

within the body wall and can be further divided 

into axial, appendicular and visceral portions. 

The axial skeleton includes the skull, vertebral 
column, ribs, and sternum while the 

appendicular skeleton is composed of the 

appendages and their supporting girdles. The 
third portion of the endoskeleton, the visceral 

skeleton, develops in association with the 

pharyngeal gill slits. 
 In this exercise you will examine 

representatives of the major vertebrate classes to 

discover some trends in the evolution of the 

skeleton. Special attention will be paid to 
changes that have occurred in skull structure.  

 

 
 

 

 
 

 

Figure 2. Ventral view of a cartilagenous fish 

skull (Squalus). Parts of the chondrocranium 

and visceral arches are depicted. The orbital 
plates, otic capsules, occipital condyles and 

foramen magnum are located on the 

chondrocranium above the jaws and visceral 

arches.  

 

 
 

 

Figure 3. Major skull bones of the bowfin, 

Amia. 
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PROCEDURE: 

1. Comparative Skull Anatomy. Examine each 

of the following skulls, as available. Pay 

attention to the relative complexity, strength, 
and thickness of the components.  

 

CAUTION: Handle the bone preparations 

with care. They are fragile and expensive 

to replace. 

 

 Shark. The shark skull is composed of 

unossified cartilage and, like all vertebrate 

skulls, includes components from both the 

integumentary skeleton and endoskeleton. 

The chondrocranium almost completely 
encircles the brain has an endoskeletal origin 

(the upper roof of the brain case is of dermal 

origin; Fig 2 ). The anterior portions of the 
brain are protected by a cylindrical 

extension of the chondrocranium (the 

rostrum). Posterior to the rostrum nasal 

capsules house the olfactory apparatus and 

are tied together by the ethmoid plate. 

Toward the dorsal surface and behind the 

nasal capsules, depressions in the 
chondrocranium create shallow eye sockets 

(the orbital plates; not visible in the ventral 

view of Fig 2). Otic capsules surround those 
parts of the ear that lie within the brain case 

(locate these swellings at the posterior of the 

chondrocranium). The spinal cord exits the 

braincase at the foramen magnum and the 
bulbous occipital condyles (near the 

foramen magnum) articulate with the first 

vertebrae. Locate the visceral arches near 
the rear of the chondrocranium. Ancestral 

vertebrates were filter feeders and jaws 

probably evolved to allow ingestion of 
larger food scraps. Although dermal bones 

contribute to the formation of the jaws in 

other vertebrates, those of cartilagenous fish 

are built entirely from the first visceral arch. 
The other portions of the arch support the 

gills and pharynx. 

 Bony Fish (Amia). The chondrocranium of 

a primitive bony fish (such as the bowfin, 
Amia) is completely covered by fused plates 

of dermal origin (collectively called the 

dermatocranium; Fig 3). Note the 
thickness of these bones. Carefully count the 

number that surround the eye socket (orbit ) 

of your specimen (record in the results 
section). Describe the general shape of the 

teeth (are they similar to one another?).  

 Amphibians (frog). The head skeleton of 

early amphibians was nearly identical to that 

of bony fishes but this arrangement has not 
persisted among contemporary amphibians. 

Use figures. 4 and 5 as a guide to identify 

the major bones of the frog skull. Note that 
the dermal bones are reduced in number and 

most of the skull is cartilagenous. The open 

structure of the skull better accommodates 
the more elaborate sensory and feeding 

apparatus of amphibians. Part of the visceral 

arches has evolved into the hyoid 

apparatus, a structure that supports the base 
of the tongue (the U-shaped cartilage 

mounted below the head of your specimen). 

How does the complexity and strength of the 
frog skull compare to that of a bony fish? 

 Reptile (alligator). The skull of alligators 

and other reptiles shows further thickening 

of the components, greater ossification, and 
a reduction in the number of bones as 

compared to the previous classes (Fig 16.6). 

These changes permit better muscle 

attachments to the jaws and increase the 
strength of the skull. Examine the lower jaw 

of your specimen and compare the structure 

to that of the frog (Fig 16.5). Count the 
number of bones that surround the eye 

socket of your specimen (record in the 

results section). Also note the relative 

strength of this skull compared to that of 
amphibians and bony fish. Are the teeth 

similar in shape to one another?  

 

 
 

Figure 4. Frog skeleton (A) full skeleton (B) 

skull detail.  
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Figure 16.5. Bones of the lower jaw in 
representative vertebrates. (A) frog, (B) 

alligator, (C) bird, (D) mammal. Stippled bones: 

dentary; cross-hatching: surangular; hatched: 
angular; solid-filled: articular. The anterior 

cartilage of the frog jaw is the mentomeckelian 

(un-filled to left).  

 

 
Figure 16.6. Dorsal (top) view of an alligator's 

skull. 
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 Bird . Birds evolved from different ancestors 

than did present-day reptiles. Because of this 

and the requirements of flight, bird skeletons 
bear little resemblance to those of 

contemporary reptiles. Although birds are by 

no means the rocket scientists of the animal 

kingdom, the greater complexity of their 
behavior patterns has resulted in a much 

larger braincase than that of reptiles. What 

changes in skull architecture do you see that 
appear directly related to flight (concentrate 

on adaptations that will lighten the load)? 

Compare the lower jaw to that of your 
alligator.  

 

 
Figure Ziltch. Bird Skeleton 

 

 Mammal (cat and human). Changes in the 

skull structure of mammals are related to an 
increase in their behavioral repertoire and 

adaptations for more efficient feeding. 

Examine cat skulls (Fig 16.7) and compare 

to a human skull (Fig 16.8). The 
chondrocranium is completely ossified and a 

marked reduction in the number of dermal 

bones can be seen in both species. Evidence 
of reduction in bone number is exemplified 

by the lower jaw (now consisting only of the 

dentary) and the bones of the orbit. Some of 

the more complicated bone configurations of 
other classes have been lost or the bones 

have fused into single structures (compare 

the occipital region of a mammal to that of a 
bird or reptile). This reduction in the bone 

count is accompanied by a decrease in the 

number of sutures (joints between bony 

plates). These modifications further increase 
the skull strength. Specialization of the teeth 

is evident as some became adapted for 

cutting, grinding, chewing, and/or tearing 
(compare mammalian teeth to those of the 

alligator and fish). Even within the 

mammals, skull architecture has been 
markedly affected by the nutritional 

requirements of the animal. The zygomatic 

arch of the cat, for example, is 

proportionally larger than that of humans to 
make room for more muscle attachment sites 

for a strong bite for tearing flesh. Compare 

and contrast the structure of the human skull 
to that of the cat. How might anatomical 

differences be explained by the lifestyles of 

the organisms? Count the number of bones 
that make up the eye socket and describe 

any evolutionary trends you have detected in 

skull complexity.  

2. Skeletal anatomy. Identify the major bones 
of the human skeleton using figure 16.9 as a 

guide. Attempt to identify the same structures 

for the cat skeleton using the same 
information. Show your successes by filling 

in the blanks for the cat skeleton in the results 

section. Examine the mount of a frog 

skeleton. Is it possible to identify as many 
bones in an amphibian when figure 16.9 is 

used as a key (check against Fig 16.4).  

3. Skeletal Adaptations. Compare the pectoral 
(foreleg) and pelvic (hindleg) girdles of man 

and cat. What differences in limb structure do 

you see that appear to be directly related to 
high-speed pursuit and predation in the cat? 

Examine the skeleton of a (Fig 16.10) bird to 

determine at least five skeletal modifications 

that are related to flight (Hint: pay particular 
attention to fusion of skeletal elements and 

enlargement of structures to permit 

attachment of flight muscles).  
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Figure 7. Major superficial skull bones of the 

domestic cat (Felis felis). Compare to the human 
skull in figure 8. 

 

 
Figure 9. The human skeleton.  
 

 

 
 

 
Figure 8. Superficial skull bones of Homo 

sapiens. 
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BONUS Figure! (Necturus skull) 

 

 

 
BONUS Figure! (Turtle skull) 
 

 

 
BONUS Figure! (Dog Skull) 
 

 
BONUS Figure! Sheep Skull! 

 

 

 
BONUS Figure! (Rat Skull) 


