Different Animals,
Different Breathing
Designs

A Biological Engineering Catalog
of Gas Exchange Mechanisms

Respiratory mechanisms are not
random—they are precise, engineered
solutions dictated by an organism’s
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(Sponges, Coelenterates,
Flatworms)
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The Zero-Infrastructure Design - Every cell is close enough to the surface to exchange 02 and
CO02 by simple diffusion. No transport network is required.



Annelids (Earthworms) é%

—

' HABITAT: Soil (Requires Moisture) | COMPLEXITY: MnderatEj

co, CO, co,

0, 0,
0, 0 0, f f CO, f
\ l f
Moist Cuticle \

T | [

[SOIL

[MOIST - [ VASCULAR
ENVIRONMENT ]

CUTICLE] SYSTEM]

The Surface Membrane Design - Gas solubility requires moisture. By keeping the outer

cuticle moist, it functions as a highly efficient, living respiratory membrane,
transferring gases directly into the circulatory fluid.
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Bypassing the Blood - This unique network of tracheal tubes transports atmospheric air deep
within the body, completely eliminating the need for a vascular gas-carrying system.



Aquatic Arthropods, Molluscs,

Fishes
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The Aquatic Extraction Design (Branchial Respiration) - Water holds significantly less

@

oxygen than air. Gills solve this by utilizing highly folded, specialized vascularized
structures that maximize surface area to filter and extract dissolved 0.



Reptiles, Birds, Mammals

(Terrestrial Forms) TopAll
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The Terrestrial Chamber Design (Pulmonary Respiration) - To prevent delicate respiratory
membranes from drying out in the atmosphere, terrestrial animals evolved vascularized bags
hidden deep within the body cavity.
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The Ultimate Biological Flex. Evolution is not rigid. When an organism lives a transitional,
dual life, it adopts a dual-design architecture. By utilizing both pulmonary and cutaneous systems,

frogs prove that biological flexibility and redundancy are the highest forms of engineering.
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