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Ammonotelic, Ureotelic and Uricotelic Animals

How habitat and water availability drive the evolution of nitrogenous waste excretion.

Uricotelic

Habitat: Terrestrial
(arid/water restricted).

Ureotelic

Habitat: Terrestrial
(moderate water).

Ammonotelic

Habitat: Aquatic
(freshwater/marine).

Excretion: Uric Acid
(solid/semi-solid).

Excretion: Ammonia
(NH3) directly.

Water Requirement:
High. Minimal energy cost.

Excretion: Urea (less
toxic).

Water Requirement: Water Requirement:
Moderate. Low.

Examples: Bony fish, Higher energy cost than NH3.
aquatic invertebrates,

larval amphibians.

. S : Highest energy cost.
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- —S~ L Exa mples: Birds,
reptiles, insects, land
snails.

Uric acid
paste

Examples: Mammals,
adult amphibians,
sharks.




Ammonotelism: The Aquatic Luxury A
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Bony Fishes

Toxicity Level: Ammonia Water Requirement: Examples: Common in
Is the most toxic form of Requires massive amounts freshwater fish, juvenile
nitrogenous waste. of water for elimination. amphibians, and aguatic
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Because ammonia is highly soluble and environmental water is unlimited, these animals
excrete the raw, highly toxic metabolic waste without further processing.




The Mechanism: Direct Diffusion

High-Concentration
Ammonia

Surrounding Water

\ Ammonium lons

Kidneys do not play
any significant role
In ammonia

removal. é
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Ammonia is readily soluble; it simply diffuses across body
or gill surfaces directly into the aquatic environment.
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Ureotelism: The Terrestrial Compromise
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Toxicity Level: Water Requirement: Requires Mammal Frog  Marine Fishes
Lesser toxic than ammonia. moderate water for excretion.

Urea is released into the bloodstream. Ky &

h Urea is released into the bloodstream. l
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Metabolic Ammonia is converted Blood is filtered and urea is
into Urea in the liver. excreted by the kidneys. A
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Some urea is retained in the kidney matrix of
these animals to maintain desired osmolarity.



Uricotelism: Extreme Water Conservation
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Toxicity Level: Least toxic form Water Requirement: Minimum
of nitrogenous waste. loss of water.
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To survive in arid or flight-dependent contexts, nitrogenous waste is excreted as insoluble uric acid in the form of a pellet or paste.




The Excretion Strategy Matrix
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Ammonotelic Ureotelic Uricotelic
Primary Waste Product Ammonia (NH3) Urea Uric Acid
Toxicity Level Highest 4% A Moderate Lowest A%

Water Loss Required

Massive Q O Q

Moderate & &

Minimal

Physical Form

Dissolved lons

Liquid Urine

Paste / Pellet

Prime Examples

Bony fishes, aquatic
amphibians

Mammals, marine fishes

Birds, reptiles, insects




The Evolutionary Insight

Metabolic Energy Required to Produce Waste
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Uric
. Acid

-
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-»" High energy to synthesize,
i drastically saves water.

Moderate energy to convert
in liver, saves water.

Low energy to make, needs
high water to remove safely.

Environmental Water Availability

' Terrestrial adaptation necessitated a biological trade-off: organisms evolved to spend more internal metabolic
energy creating complex, less toxic waste (urea/uric acid) simply to survive the physical lack of environmental water.
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