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Every animal faces the same biological challenge: eliminating metabolic wastes (ammonia, urea, uric acid) and maintaining fluid
balance. From simple blind tubes to complex million-nephron organs, nature has engineered beautifully diverse solutions.
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STRUCTURE:
Protonephridia
(Flame Cells)

Animal Groups:
Platyhelminthes (Flatworms),
Rotifers, Annelids,
Cephalochordates.
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Primary Focus:
Osmoregulation (Ionic and
fluid volume regulation).

Flickering cilia act like a
microscopic flame, actively
drawing interstitial fluid
into the tubular network.

A simple tubular form designed
A YNBSS primarily to regulate fluid
TopAll e i volume rather than filter

Ermos b complex metabolic wastes.



Open-ended funnels draw in
coelomic fluid directly from
the body cavity.

STRUCTURE:
Nephridia

As fluid travels through the segment,
essential ions are reabsorbed, and
nitrogenous wastes are concentrated
for external release.
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Animal Groups:
Earthworms and other
annelids.

Primary Focus:
Dual-action
(Nitrogenous waste
removal + Fluid/ionic
balance).
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STRUCTURE:
Malpighian
Tubules

Animal Groups:
Most insects (e.g.,
cockroaches).

Primary Focus:
Uricotelic excretion and
extreme water

conservation.

Wastes are emptied directly
into the digestive tract.
Water is almost entirely
reabsorbed in the hindgut,
allowing insects to excrete
| dry uric acid paste. A
N TopAll

directly in the hemolymph,
absorbing nitrogenous

E Blind-ended tubules float
E wastes and water.




STRUCTURE:

Strategically located at the base of the
/ antennae, filtering hemolymph. Antennal Glands

(Green Glands)

Animal Groups:

Crustaceans (e.g.,
prawns).

Primary Focus:
Aquatic excretory
= Bladder function and

fp NN osmoregulation.
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STRUCTURE:

A complex organ consolidating nearly Ultra-filtration: High-pressure blood :

one million independent tubular Is filtered through specialized K]dﬂeys

structures into a single macroscopic T podocyte cells.

el (comprising millions

Glomerulus Distal Convoluted
Tubule (DCT)

of Nephrons)

concentrated urine.
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Excretory Structure

Primary Animal Group

Key Functional Trait

Protonephridia (Flame Cells)

Platyhelminthes, Rotifers

Primarily fluid volume &
osmoregulation.

Dual-action waste removal & ionic

Nephridia Earthworms & Annelids Tlemns i A=
e Empties into digestive tract;
Malpighian Tubules Insects (Cockroaches) ot W BE OB L.
Antennal (Green) Glands Crustaceans (Prawns) fauatic a(iiil{;gﬁt;%:?:;ated at the
: Millions of nephrons performing
Kidneys Vertebrates (Humans) ultra-filtration and counter-current

concentration.

While the architectural complexity scales from simple microscopic tubes to million-nephron
kidneys, the universal biological goal remains identical: eliminating toxic metabolic waste while
meticulously balancing internal fluids.
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