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Circulatory Systems

Two types of circulatory system are found:

	Open Circulatory Systems 

	Closed Circulatory Systems



For larger or more active animals, some form of more efficient circulatory system is necessary for internal transport.  
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Fig. 33.23

figure 49-03.jpg

Earthworm Anatomy


Microsoft_PowerPoint_Slide4.sldx
Fig. 33.23

figure 49-03.jpg



Earthworm Anatomy
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Artery and Vein

Artery

Vein

Note the much 

thinner walls in 

veins.
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Artery and Vein

Artery
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Note the much thinner walls in veins.
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Blood Pressure and 

Flow Velocity

•

As arteries branch, the 

cross-sectional area increases 

causing blood pressure and 

flow velocity to fall.

• In mammals there is a an 

800-fold increase in cross-

sectional area from the aorta 

to the capillaries.  

• Velocity in the aorta is 

around 40-50 cm/s but drops 

to < 0.1 cm/s in capillaries.

Fig. 42.11
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Blood Pressure and Flow Velocity

  As arteries branch, the cross-sectional area increases causing blood pressure and flow velocity to fall.



  In mammals there is a an 800-fold increase in cross-sectional area from the aorta to the capillaries.  



  Velocity in the aorta is around 40-50 cm/s but drops to < 0.1 cm/s in capillaries.

Fig. 42.11
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Capillaries

• Capillaries are very small, 

about the diameter of a red 

blood cell (8µm or less).

• Capillary walls are a single 

layer of very thin endothelial 

cells, attached at their edges 

and surrounded by a basement 

membrane (extracellular 

matrix).

Endothelial cells
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Capillaries

Capillaries are very small, about the diameter of a red blood cell (8µm or less).



Capillary walls are a single layer of very thin endothelial cells, attached at their edges and surrounded by a basement membrane (extracellular matrix).



Endothelial cells
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Blood cells, 

most 

proteins.

Vesicles; large, 

lipid-insoluble 

(proteins)

Filtration; fluid and 

small, lipid- insoluble 

molecules (water, 

amino acids,

NaCl, glucose,

urea)

Diffusion;

lipid-soluble 

molecules

(O

2

, CO

2

, 

lipids)
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Blood cells, most proteins.









Vesicles; large, lipid-insoluble (proteins)

Filtration; fluid and small, lipid-insoluble molecules (water, amino acids,

NaCl, glucose,
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Capillary Density in Tissues

• Penetration of tissues by capillaries is so 

extensive that in active tissues each capillary 

serves a volume of tissue only about 10 times 

its own volume.  

• No cell is very far from the blood supply

.  
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Capillary Density in Tissues

Penetration of tissues by capillaries is so extensive that in active tissues each capillary serves a volume of tissue only about 10 times its own volume.  

No cell is very far from the blood supply.  
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Capillary Density in Tissues
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The Lymphatic System

Fig. 43.5

• A separate system of 

vessels, the lymphatic 

system, returns excess 

tissue fluid to the blood.  

• Lymphatic ducts drain 

into the venous system 

near the heart.  
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The Lymphatic System

Fig. 43.5



A separate system of vessels, the lymphatic system, returns excess tissue fluid to the blood.  

Lymphatic ducts drain into the venous system near the heart.  
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Capillary -Tissue Fluid Exchange

• The bulk flow of fluid out of the capillary 

exchanges material much faster than would be 

possible by simple diffusion alone.  

• Nutrients and O

2

are released to the tissues 

rapidly.  

• Wastes from cell metabolism are more rapidly 

cleared away by the circulatory system.  
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Capillary - Tissue Fluid Exchange

The bulk flow of fluid out of the capillary exchanges material much faster than would be possible by simple diffusion alone.  



Nutrients and O2 are released to the tissues rapidly.  



Wastes from cell metabolism are more rapidly cleared away by the circulatory system.  
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Control of Capillary Circulation

• Arteries, arterioles, and metarterioles that feed 

blood to the capillaries contain a circular layer of 

smooth muscle in their walls.  

• Contraction of these smooth muscles 

(vasoconstriction) is important in controlling the 

blood flow through capillary beds.  

• Relaxation of smooth muscles results in 

vasodilation, an expansion of the vessel diameter 

that increases blood flow.
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Control of Capillary Circulation

Arteries, arterioles, and metarterioles that feed blood to the capillaries contain a circular layer of smooth muscle in their walls.  



Contraction of these smooth muscles (vasoconstriction) is important in controlling the blood flow through capillary beds.  



Relaxation of smooth muscles results in vasodilation, an expansion of the vessel diameter that increases blood flow.
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figure 49-18.jpg

Precapillary sphincters are 

rings of smooth muscle that 

surround the junction of a 

capillary with an arteriole or 

metarteriole. 

Contraction of precapillary 

sphincters can completely 

shut off blood flow to a 

capillary bed.  

Fig. 42.13
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figure 49-18.jpg



Precapillary sphincters are rings of smooth muscle that surround the junction of a capillary with an arteriole or metarteriole. 





Contraction of precapillary sphincters can completely shut off blood flow to a capillary bed.  



Fig. 42.13
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Circulatory Patterns in 

Vertebrates

The circulatory pattern has been modified 

during evolution of the major groups of 

vertebrates.  
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Circulatory Patterns in Vertebrates

The circulatory pattern has been modified during evolution of the major groups of vertebrates.  
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Based on Fig. 42.3

(and capillaries)
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Based on Fig. 42.3







(and capillaries)
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Fish Heart
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Fish Heart
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Based on Fig. 42.3
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Based on Fig. 42.3
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Mammals and Birds

• Mammals and birds have completely divided atria 

and ventricles so no mixing of oxygenated and 

deoxygenated blood is possible.  

• There is a complete double circulation pattern first 

through the pulmonary circuit and then through 

the systemic circuit.   
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Mammals and Birds

Mammals and birds have completely divided atria and ventricles so no mixing of oxygenated and deoxygenated blood is possible.  



There is a complete double circulation pattern first through the pulmonary circuit and then through the systemic circuit.   
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Based on Fig. 42.3
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Based on Fig. 42.3





image1.jpeg

Mammals and Birds

Aorta

Pulmonary

Artery Systemic
Capillaries

Heart
Right  Right
Ventricle Atrium

Vena Cava

Left Left
Ventricle  Atrium






image2.jpeg









R——

oy
a8
- \ By \
B

[R—— - N





image24.emf
Cardiac cycle

Fig. 42.7

Animation
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Cardiac cycle



Fig. 42.7

Animation
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figure 49-01.jpg

Cnidarian Gastrovascular Systems

Fig. 33.5

Some larger animals such as 

sea anemones, jellyfish, and 

flatworms lack a true 

circulatory system.

The gastrovascular cavity 

extends to most areas of the 

body in these animals and 

serves as a circulatory 

system as well as a 

digestive cavity.

Larger Animals Without a Separate Circulatory System
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Structure of blood vessels

Fig. 42.9
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Structure of blood vessels

Fig. 42.9
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Structure of blood vessels
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Human 

blood 

components

Fig. 42.15
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Human blood components

Fig. 42.15
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figure 49-01.jpg



Cnidarian Gastrovascular Systems

Fig. 33.5

Some larger animals such as sea anemones, jellyfish, and flatworms lack a true circulatory system.



The gastrovascular cavity extends to most areas of the body in these animals and serves as a circulatory system as well as a digestive cavity.

Larger Animals Without a Separate Circulatory System
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Flatworm Gastrovascular System

Fig. 33.10
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Flatworm Gastrovascular System

Fig. 33.10
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Circulatory Systems

• Two types of circulatory system are found:

Open Circulatory Systems 

Closed Circulatory Systems

For larger or more active animals, some form of 

more efficient circulatory system is necessary for 

internal transport.  


