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CHAPTER 3. Respiration  

I. Respiration in invertebrates 

Respiration in invertebrates refers to the process of gas exchange, whereby oxygen is obtained 

from the environment and carbon dioxide is eliminated from the body. The mechanisms of 

respiration in these organisms are highly diverse and strongly influenced by body size, level of 

activity, and environmental habitat (aquatic vs. terrestrial). In general, invertebrates exhibit 

four principal strategies of respiration: cutaneous exchange, gills, tracheal systems, and book 

lungs. 

2.1. Cutaneous Respiration 

Cutaneous respiration involves the direct diffusion of gases across the body surface. This 

mechanism is effective only in organisms with a thin body wall and a high surface-area-to-

volume ratio, allowing oxygen to diffuse efficiently into underlying tissues. It is common in 

annelids (earthworms) and small flatworms (Platyhelminthes), which lack specialized 

respiratory organs. Because diffusion is a slow process, cutaneous respiration is generally 

associated with small-sized organisms or those living in moist environments, where the skin 

remains permeable to gases. 

 

2.2. Gills (Branchiae) 

In aquatic invertebrates, the most common respiratory structures are gills (branchiae). These 

are thin, vascularized extensions of the body surface or appendages, adapted for gas exchange 

with water. Gills are present in many groups, including mollusks, crustaceans, and some 

annelids. The extensive surface area of gills, combined with their rich vascularization, 

facilitates efficient uptake of dissolved oxygen and elimination of carbon dioxide. In addition, 
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in many species, cilia or specialized appendages generate water currents to ensure continuous 

renewal of the water surrounding the gill surface, thereby maximizing respiratory efficiency. 

    

2.3. Tracheal System 

A unique adaptation found in terrestrial invertebrates, particularly insects and some arachnids, 

is the tracheal system. This system consists of a branching network of fine air-filled tubes 

(tracheae) that penetrate the body and deliver oxygen directly to the tissues and cells, 

bypassing the need for a circulatory transport of gases. The tracheae open to the exterior through 

small valves called spiracles, which can regulate air flow and water loss. This mode of 

respiration is highly efficient for small terrestrial organisms with high metabolic demands, such 

as insects, allowing them to sustain intense activity (e.g., flight). 

 

2.4. Book Lungs 

Certain arachnids, such as spiders and scorpions, possess specialized respiratory organs 

known as book lungs. These consist of internal chambers containing numerous thin, leaf-like 

lamellae stacked in parallel, resembling the pages of a book. Air enters the chamber through a 

small opening on the body surface and diffuses across the lamellae into the blood or 
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hemolymph. The lamellar structure provides a large surface area for gas exchange, making 

book lungs particularly suited for terrestrial life in environments with relatively low humidity. 

 

2.5. Environmental Adaptations 

The diversity of respiratory structures among invertebrates illustrates the importance of 

environmental adaptation. 

 Aquatic invertebrates predominantly rely on gills or cutaneous exchange, optimized 

for extracting oxygen dissolved in water. 

 Terrestrial invertebrates, in contrast, have evolved specialized systems such as 

tracheae or book lungs, enabling them to cope with air breathing and the risk of 

desiccation. 

Thus, the type of respiratory mechanism employed by a given invertebrate group reflects a 

balance between morphological constraints, ecological pressures, and metabolic 

requirements. 

II. Respiration in vertebrates  

Respiration in vertebrates is the process of taking in oxygen (O₂) and removing carbon dioxide 

(CO₂). The organs and breathing methods change according to whether the animal lives in water 

or on land, but all respiratory surfaces must be large, thin, moist, and rich in blood vessels to 

allow gases to diffuse easily. 



 4 

2.1. Gills 

Fishes breathe mainly with gills. Gills are thin filaments covered with lamellae that provide a 

very large surface area for gas exchange. Water enters the mouth, flows over the gills, and exits 

through the gill openings or operculum. The fish pumps water by opening and closing its mouth. 

Blood inside the gill filaments flows in the opposite direction to the water (countercurrent 

flow), which keeps a strong oxygen gradient and allows maximum oxygen uptake. 

 

2.2. Skin and Lungs 

Amphibians (like frogs) use both their skin and lungs for breathing. The skin is moist and thin, 

allowing oxygen to pass directly into blood vessels, especially when the animal is underwater. 

For lung breathing, amphibians use positive-pressure breathing. They lower the floor of the 

mouth to draw air in through the nostrils, then raise the floor to push air into the lungs. Air is 

forced in rather than sucked in. 

 

2.3. Lungs 
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Reptiles rely mainly on lungs, which are more folded and efficient than amphibian lungs.  They 

use negative-pressure breathing. Muscles between the ribs expand the chest cavity, lowering 

the pressure inside the lungs so air is drawn in. When the muscles relax, the chest cavity 

becomes smaller and air is pushed out. 

 

2.4. Lungs with air sacs 

Birds have the most efficient respiratory system of all vertebrates. Their rigid lungs are 

connected to several air sacs that act as bellows. Breathing occurs in two cycles. During the 

first inhalation, air moves into the posterior air sacs. During the first exhalation, fresh air passes 

through the lungs where gas exchange occurs. On the second inhalation, used air moves into 

the anterior air sacs. On the second exhalation, this air leaves the body. This system keeps fresh 

air moving through the lungs during both inhalation and exhalation, providing a constant 

supply of oxygen. 

 

2.5. Lungs with Alveoli 
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Mammals breathe using highly branched lungs that end in millions of tiny alveoli, which 

greatly increase the surface area for gas exchange. Mammals use negative-pressure breathing 

controlled by the diaphragm. When the diaphragm contracts and moves downward and the rib 

cage expands, the chest cavity volume increases and pressure inside decreases, pulling air into 

the lungs. When the diaphragm relaxes, the chest volume decreases and air is pushed out. 

 

Summary 

Respiration in animals ensures the exchange of oxygen and carbon dioxide necessary for life. 

Invertebrates show diverse methods adapted to their environment: cutaneous respiration 

through the skin, gills in aquatic forms, tracheal systems in insects, and book lungs in 

arachnids. These mechanisms reflect adaptations to body structure and habitat. Vertebrates 

possess specialized organs that evolved for greater efficiency—fish use gills with 

countercurrent flow, amphibians breathe through skin and simple lungs, reptiles use more 

developed lungs, birds have lungs with air sacs for continuous airflow, and mammals possess 

lungs with millions of alveoli for maximal gas exchange. Overall, respiratory systems evolve 

from simple diffusion to highly efficient lungs to meet increasing metabolic demands. 


