Osmoregulation

Regulating fluids and wastes

Osmoregulation

e Managing the water
content and solute
composition in the body

e Must balance gains and
losses (homeostasis?)

e Some terms:
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Life in temporary waters

e Anhydrobiosis in water bears (Tardigrada)
e Probably use a sugar (trehalose) to replace water
and protect cell membranes

Hydrated tardigrade Dehydrated

Fig. 44.5 tardigrade
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Lecture outline

» Osmoregulation overview
o Marine vs. freshwater vs. land
» Nitrogenous wastes

» Excretory systems

Osmoregulation in bony fishes

e Rely on specialized organs (kidneys) and
tissues (transport epithelium)

Cod: hypoosmotic to habitat Perch: hyperosmotic to habitat
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Nitrogenous wastes,
osmoregulation, and habitat

# Metabolic wastes are dissolved in water in
order to remove them from the body
e Thus, waste removal greatly impacts water
regulation
e Focus on nitrogenous wastes
e Ammonia vs. urea vs. uric acid
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Excretory system diversity

e Protonephridia: flame-bulb systems

o Flatworms (Platyhelminthes); osmoreg. mostly
e Metanephridia

e Earthworms (Annelida); osmoreg. and excretory
e Malpighian tubules

e Insects (Arthropoda); osmoreg. and excretory
e Kidneys

» Vertebrates; osmoreg. and excretory

Metanephridia

e Tubule network with internal openings that
collect fluids

Capillary
network

Annelida

2 metanephridia

Components of a
per segment

metanephridium:
Collecting tubule
Internal opening

Bladder

External opening
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Ciliated funnel
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EXxcretory system capitary
overview
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¢ Urine production usually
requires a few steps:
» Collection and filtration
o Powered by blood pressure
o Selective reabsorption
and secretion
o Powered by active transport

,: @ Secretion
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xcretion
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Protonephridia
¢ Network of dead-end tubules without internal
openings
e Beating cilia inside the flame bulb moves
fluid through the bulb, which filters the fluid
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Malpighian tubules

Digestive tract
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of the midgut
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Kidneys Nephrons of the kidney

e The workhorse of the kidney; each human kidney
contains about 1 million nephrons

e Along tubule + the glomerulus

o Urine exits kidney through the ureter, collects in
the urinary bladder, and exits body through the

urethra Nephron Organization
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Blood vessels from a human kidney
Arterioles and peritubular capillaries
‘appear pink; glomeruli appear yellow.
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The nephron in action (1) The nephron in action (2)

¢ Nephron and Juxtamedullary nephron ¢ Ascending e R
collecting duct © Proximal tubule ©Distal tubule limb of |00p of wco,!}c:c;“r‘r' n-c-"Y'cnca,-

Iint_ad b_y transport ue?;fiﬁ.m ..;c.";“.?,- Henle: passive )9 ?: # ’T ff
epithelium ), ol 1 & active / WEy mam

e Changes in %ﬂ \:_,".:.1.:."’ | J reabsorption of °°"""o"““‘ o OMckssgmen
perm_eabmty... — O wol oﬁm“ salt. Why? B cone ;-_m"'?.";“'u' ;‘ ‘—‘:."‘”“'" J‘

o Proximal tubule  gpmsmenms [ S o Distal tubule: i o S e
alters the volume  #" omen " P altering the O s O ——
and composition i s om0z composition - L‘“v"if:
of the filtrate — ) '\‘#w_ again - (| == o

e Descending limb = revewmsnt | |y dicd o Collecting DG ) :
of loop of Henle: M duct: more T
passive — Y i
reabsorption of reabsorption
water Fig. 44.13 Fig. 44.13

Concentrating urine Nephrons of the kidney (again)
e Recycling of water and solutes by the vasa recta
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Life with no water

Kangaroo Rat Human
Water Gain (mL) 7
Ingested in food 0.2 750
Vlngested in liquid [ 0 ‘ 1,500
Derived from 1.8 ‘ 250
metabolism
Water Loss (mL)
Urine 0.45 1,500
Feces ' 0.09 100
Evaporation 1.46 ' 900




