
Water, water, 
everywhere, nor any 

drop to drink

– Samuel Taylor Coleridge, The Rime of the Ancient Mariner
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Water Sources: Challenges & Strategies
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• Freshwater aquatic organisms: 
–Constantly gain water, or are water impermeable 

• Saltwater aquatic organisms: 
–Drink seawater and excrete salt 
–Drink no seawater and obtain water from less salty food 

• Terrestrial organisms: 
–Drink freshwater 
–Drink seawater and excrete salt 
–Drink no water and obtain water from food 

• Free water & Metabolic water 
–Obtain water from condensation
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260
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Drinking seawater is a losing strategy for most terrestrial 
vertebrates
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Marine birds, reptiles, and fish excrete salt, so can 
obtain pure water from seawater
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Salt Gland also a 
countercurrent 

multiplier
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Salt balance in seabirds
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Stimulus for nasal 
salt gland 
operation is the 
extracellular fluid 
volume and Na+ 
concentration



If a bird drinks 100ml of seawater (1000mOsm)  
and produces a salty secretion (1200mOsm), how much 
water does it gain? 

(100ml) (1000 mOsm) = X(1200mOsm) + (100-x ml)(0 mOsm)

X = 100,000
1200

ml

= 83.3 ml    of salty secretion

volume * osmolarity 

salt water salty secretion pure water

100-X = 16.7 ml of pure water gained

And



A duck stands in a pond. How much water is lost or gained 
through the skin of the feet? 

FH20 = Posm * SA ( ns,i

*Remember, the Molecular Weight of Water is 18 g/mol, which you can 
use to calculate the number of moles H20/L to match the Osm of the solute 
(moles/L) which will give you moles/moles.

Water flux ~ osmotic permeability pg. 785

- ns,o
nw,i nw,o

)

moles solute 
outside 

moles water 
outside

moles solute 
inside 

moles water 
inside

*Posm is in units of µ/sec. µm3/µm2sec. 
volume

surface area

Water Flux through Skin
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Kangaroo Rat  
A small mammal in a hot, dry 
environment.
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Metabolic Water  - Easy!
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Produced by 
Metabolism of 
foods (not water 
content of foods)
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Camel  
Large mammal in a hot, dry 
environment. - nowhere to 
hide!
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Maximum concentrating ability of the kidney 
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Knut Schmidt-Nielsen 1997. Animal Physiology: Adaptation 
and Environment. Cambridge University Press 
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Control via the Endocrine System
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Cell to cell communication
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Anatomy — Major Endocrine Organs
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Water and Salt Balance controlled by
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ADH

Aldosterone

Antidiuretic Hormone (ADH) & Aldosterone
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Final concentration of Urea determined in 
collecting duct
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Maximum 
concentrating 
ability is 
determined 
by the length 
of the Loop 
of Henle

But within 
that limit, the 
urea and salt 
concentration 
of the urine is 
under 
hormonal 
control by its 
effect on the 
Collecting 
Duct
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ADH = Anti Diarrhetic Hormone 
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(aka Vasopressin)
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Aldosterone, Blood Volume and Pressure
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Angiotensinogen

R
en

in

Angiotensin I

A
C

E
Angiotensin II

Aldosterone

vasoconstriction

Thirst

Vasopressin 
secretion

Na+ 
absorption

Renin-Angiotensin-Aldosterone System conserves Na+

Back to Lumen 
and Blood Plasma



Summary: Endocrine Control of Salt and 
Water Balance in Vertebrates (and Blood Pr)

Hormones continuously regulate balance of salt and 
water 
Vasopressin are peptide neurohormones that 
stimulate conservation of water 
Aldosterone is a steroid hormone that stimulates the 
conservation of Na+. It is part of the renin-
angiotensis-aldosterone system that is set in motion 
under conditions of low arterial blood pressure 
Atrial natriuretic peptide (produced from atria of heart 
in response to stretch!) exerts many different actions, 
all of which stimulate excretion of Na+ and water. 


