
BIOL 101L: Principles of Biology      Fall 2008 
 
Vertebrates 
 
Last week, you examined animals representing the parazoans, the acoelomates, and the 
protostomes. All of these animals are referred to as invertebrates. This week, you will 
examine a major group of deuterostomes: Phylum Chordata (or chordates).  More 
specifically, you will focus on the subphylum Craniata, which includes all animals with a 
vertebra (backbone). The vertebrates, like urochordates and cephalochordates, exhibit four 
distinct anatomical features characteristics at some point in their life. 
 

 
 
 

Synapomorphies of Chordates (including Vertebrates) 
 

• a notochord – a long, stiff rod of cartilage that runs longitudinally through the 
 animal between the nerve cord and digestive tract. In most craniates, the bony 
 vertebrae replace the notochord   
 

• a dorsal, tubular (hollow) nerve cord. In the Subphylum Craniata, the anterior 
end is enlarged to form a brain  

 
• pharyngeal slits – openings in the region of the digestive tract immediately behind 

the mouth (pharynx). The pharyngeal slits serve as filter feeding organs for 
invertebrate chordates. The slits and structures supporting them have been modified 
for gas exchange (in aquatic vertebrates) and jaw support. In mammals, the 
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pharyngeal slits produce the Eustachian tube and middle ear cavity.  
 

• a post-anal tail (in most other animals with a complete digestive tract, the anus is 
the posterior-most point of the body). The post-anal tail allowed for swimming in 
ancestral chordates. 

 
 
Class Chondrichthyes–Cartilaginous Fish (Photo atlas, p. 189-
194) 
This was the first group of vertebrates to evolve jaws and paired appendages (e.g., 
fins). Vertebrate jaws evolved from skeletal supports of the pharyngeal slits. These two 
adaptations allowed for a greater capacity for movement, as well as the exploitation of 
new food resources.  As the name implies, cartilaginous fish have a skeleton made out of 
cartilage, including a cartilaginous (not bone) vertebral column. Sharks, skates, and 
rays are all members of this group.  
 

Sharks track prey using a lateral line system and olfactory organs. The lateral line 
consists of a canal system extending along the side of the body and over the head. Inside 
the canal are receptors that are sensitive to vibrations and currents in the water. Sharks 
are actually heavier than water and will sink if they stop swimming forward. Sharks lack 
the swim bladder, which helps the bony fish (Osteichthyes) swim in water. However, 
sharks do contain a very large liver. The shark liver contains oils that provide some 
buoyancy and help compensate for the shark’s heavy body. 
 
 Preserved specimens – whole dogfish shark (Squalus spp.), cartilaginous skull of shark  
 

1. What are some of the evolutionary advancements possessed by the cartilaginous 
fish in reference to the agnathans?  

 
 
 
 
 

2. Why must sharks constantly swim? Do they have any adaptations which help 
them swim in the water? 

 
 
 
 
Dogfish shark (Squalus) head (pg. 190): 
Examine the fluid-filled container with the shark skull. Notice that it is completely 
cartilaginous. Find the upper and lower jaw. 
 
 
Dogfish Shark Dissection (pg 189-194): 

On the shark, notice the presence of a cartilaginous skeleton, jaws, and paired 
 appendages. Also find the gills, heart, liver, and lateral line. Note the lack 
 of a swim bladder, operculum, and lungs. Look for the cartilaginous 
 vertebrae. 



 
Class Osteichthyes–Bony Fish (Photo atlas, p. 184) 
The bony fish contain an ossified, bony skeleton and very different scale types. Most bony 
fish contain a swim bladder, a gas-filled sac that aids in buoyancy control (note: 
cartilaginous fish lack a swim bladder). Osteichthyans are the most diverse group of 
vertebrates with around 25,000 different species found in nearly every marine and aquatic 
habitat.  
 
Bony fish obtain oxygen through their gills. However, in the bony fish, the gills are covered 
by a bony operculum (note: cartilaginous fish lack an operculum). The operculum increases 
water movement over the gills and efficiency of oxygen diffusion into the blood.   
  
Preserved specimens: perch skeleton. 
 
Perch Dissection (p. 195): 
 

1.  Examine its external anatomy. Look at the arrangement of paired and 
 unpaired appendages (i.e., fins).   
 

2.  Lift up the operculum (gill cover) with a probe and look inside.  What do the 
 gills look like from this angle? Remove the operculum with scissors to examine 
 them in greater detail.  
 

3.  Make the main incision into the body cavity. Using a scalpel or scissors, gently 
 cut from the vent (anus) anteriorly to the pectoral fins. Be careful not to cut 
 too deep and be sure to cut only muscle and skin.  
 

 4.  Remove an oval-shaped section of skin and muscle running from your first 
 incision, up to the lateral line, along the lateral line, and down to where you 
 started the incision (See Fig. 8.18)  
 

5.  Identify the liver, heart, gills, and swim bladder.  
 
If you have trouble identifying any of the internal features, see the prepared specimen at 
the front of the classroom for guidance. 
 
 
Class Aves–Birds (Photo atlas, pp. 187 & 206) 
Birds were the last major group of vertebrates to evolve, and are descendants of an 
advanced group of reptiles that include both crocodilians and dinosaurs. Birds have a 
number of structural modifications that allow for flight. These include light and hollow 
bones, modification of the front forelimbs into aerodynamic wings, interlocking feathers 
evolved from the scales of their reptilian ancestors, and (in the case of females) only a left 
ovary and oviduct. Birds have highly efficient respiratory, circulatory and digestive systems 
that fuel a high metabolism, as well as sharp nervous and sensory systems. Birds have a 4-
chambered heart; thus, there is no mixing of oxygenated and deoxygenated blood in the 
ventricles and they possess a separate circulation to the lungs and body systems (the 
respiratory and systemic circulation).   



The respiratory system of birds is well-adapted for the metabolic demands of flight. Air 
continuously flows through the lungs of birds. Birds also possess a system of 9 
interconnected air sacs in the thorax and abdomen. The air sacs are connected to the lungs 
such that 75% of inspired air bypasses the lungs and flows directly into the air sacs, which 
serve as reservoirs for fresh air. On expiration, some of the fully oxygenated air is shunted 
through the lungs, while the used air passes directly out. The advantage of this system is 
that the lungs constantly receive fresh air (during both inspiration AND expiration. Thus, 
birds have evolved the most efficient respiratory system of any vertebrate.  
 
Pigeon Dissection: 
Starting at the bird’s belly, use scissors to cut up to the neck. Pull away the skin from the 
internal organs. Open your initial incision laterally from a point anterior to the legs and 
posterior to the wings. You should now be able to open up the specimen like a book (see also 
the prepared specimen at the front of the classroom). You will probably find mostly flight 
muscle. Cut away this muscle from the keel on the sternum (breast bone). Cut out as large a 
section of the sternum as you can and lift away this portion.  
 
Use p. 206 in your photo atlas to identify the liver, heart, lungs. Try to find an air sac. 
Section the heart and look for the left/right atria and left/right ventricles. 
 

1. What are some of the adaptations birds have evolved for flight? 
 
 
 
 
 

2. Look at the large keel on the sternum (breastbone) of the bird skeleton. Can you 
think of a reason for the large keel? 

 
 
 
 
 
Class Mammalia–Mammals (Photo atlas, p. 188)  
Mammals are traditionally defined as vertebrates that possess hair, mammary glands, and a 
diaphragm for breathing. Mammals evolved from a group of reptiles called therapsids. 
Mammals show a number of skeletal improvements from their reptilian ancestors, including 
strong bones and better support for the appendicular skeleton (i.e., the limbs). Mammals 
have well developed respiratory and circulatory systems, with a complete four chambered 
heart, that supports a high metabolic rate and endothermy. Mammals also show increased 
brain development and capacity for intelligence.  There are three main groups of mammals: 
monotremes (egg-laying mammals, such as the platypus and the echidna); marsupials 
(pouch-brooding mammals, such as the kangaroo and koala); and eutherians (placental 
mammals, such as dogs and humans).  
 



Rat Dissection: 
Examine the external features of the rate. Find the hair and mammary glands. Both 
are synapormorphies of mammals.  
 
Next, open the body cavity of the rat and find the liver, heart, lungs, stomach, and 
intestines (pg. 207-210). Remove the heart and locate the left/right atria and the 
left/right ventricles; you may have to make a cross section of the heart to distinguish 
among these chambers. If you have difficulty indentifying the internal structure, see the 
prepared specimen at the front of the classroom for guidance. 
 

1. Mammals generally have a larger brain than other vertebrates of similar size (see 
the display of preserved brains at the front of the classroom).  How might this 
feature be advantageous? 



Review Questions 
 

1. What are some of the major similarities of the internal anatomy and organ systems 
 of the different classes of vertebrates?  

 
 
 
 
 
 

2. What are some of the major differences of the internal anatomy and organ systems of 
 the different classes of vertebrates?  Does one have any organs that the other lacks?  

 
 
 
 
 
 

3. Discuss the major differences between the cartilaginous and bony fish. 
 
 
 
 
 
 
4. How do adaptations for aquatic versus terrestrial life shape the anatomy of the shark 
 and perch versus the pigeon and rat? What are some of adaptations to each 
 environment?  

 
 
 
 
 
 

5. Compare the anatomy of the heart for the Class Chondricthyes, Osteicthyes, Aves, 
 and Mammalia (see the display of preserved hearts at the front of the classroom). 
 What are the similarities and differences?  
 
 
 
 
 
 
 
6. Two of the classes (Aves and Mammalia) that you examined are endothermic. Use 

your textbook or computer to find the definition of endothermy. What do you think 
is an advantage of endothermy? What is an obvious cost?  Why might selection have 
favored endothermy in spite of these costs? 

 
 
 


